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— - EXECUTIVE SUMMARY

Single-shell tank 241-T-111 is a Hanford-Site High-Level Waste tank that was most recently
sampled in late October and early November 1991. Analyses of materials obtained from
tank 241-T-111 were conducted to support the Hanford Federal Facility Agreement and
Consent Order' (Tri-Party Agreement) Milestone M-10-06 (now M-44-05). The waste in

tank 241-T-111 is a complex material primarily made up of water and inorganic salts in a

--gel-like-matrix.. The insoluble solids are a mixture of phosphates, siiicates, oxides, and

hydroxides in combination with lanthanum, calcium, manganese, iron, bismuth, uranium, and
chromium. The soluble analytes are primarily sodium, nitrate, sulfate, and fluoride (see

Table ES-1).

Exotherms over -215 cal/dry gram were detected in the first two segments from each core.
As a result of these analyses, tank 241-T-111 has been placed on the Organic Warch List*.
The source of these exotherms remains under investigation; however, under present rank
condirions, there is no possibiliry that a rapid exothermic reaction will occur. Another
Sinding from the characterization analyses was that the present method for determining or
measuring totalorganic carbon was not effective for the organic materials in this waste
matrix. Further investigation of the method failure for this-waste is underway-and other

assay methods are being considered.

'Ecology, EPA, and DOE, 1994, Hanford Federal Facility Agreement and Consent
Order, 2 vols. as amended, Washington State Department of Ecology, U.S. Environmental

~ Protection Agency, andUS .Department of Energy, Olympia, “’ashlngton

2Wicks, 1. H. 1994, Tank T-111, (Internal Memo 94-003 to D. A. Turner, March 3)
Westinghouse Hanford Company, Richland, Washington.
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Comparisons of the calculated bulk inventories Jfor various analytes of concern show that tank
241-T-111 is within established operating safety requirements for hear-load, ferrocyanide,

and plutonium inventory. From assessment of past and presen: surveillance data,

tank 241-T-111 is considered an assumed leaking tank (see Table ES-2). Mitigation presently
is taking place ro remove the remaining free liquid in the rank in order to forestall any
Sfurther leakage of tank contents to the environment. The free liquid is being transferred to

tank 241-SY-102 as parr of the overall single-shell tank stabilization effort’.

The results of the analyses have been compared to the dangerous waste codes in the
"Washington Dangerous Waste Regulations” (WAC 173-303)%. This assessment was
conducted by comparing tank analyses against dangerous waste characteristics ("D " waste
codes) and against state waste codes. The comparison did nor include checking rank
analyses against "U,” "P," "F,” or "K" waste codes because application of these codes is

dependent on the source of the waste and nor on particular constituent concentrations. The

..results indicate that the waste.in this-tank is adequately described in the Dangerous Waste

Permir Application for the Single-Shell Tank Svstem, this permit is discussed in the Tank

e P ~ 4 5
Characterizaiion Reference Guide.

3 an ;“‘, - ™ -1 r ! d .1 4
Jenkins, C. E. and D. B. Engleman,-1994, Engineering Report: Managing ihe Assumed

 Leak from Single-Shell Tank 241-T-111, WHC-SD-WM-ER-337, Westinghouse Hanford

Company, Richland, Washington.

WAC 173-303, "Dangercus Waste Regulations”, Washington Administrative Code, as

amended, Olympia, Washington.

5 ;
...2De Lorenzo, D, 8., et al. 1994 Tank Characierization Reference Guide,

WHC-SD-WM-TI-648, Rev. 0, Westinghouse Hanford Company, Richland, Washington.
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physical and chemical condition of the waste. Direct comparisons with historical tank

¢ Los Alumos National Laboratory are not possible ar this time because

However, estimates and comparisons using the available process knowledge® have been
made. Further comparisons with the Los Alamos National Laboratory database will be made

when it becomes available in 1995. The available historical information, in combination with

. . ... the analysis of the rank waste, supports the conclusion that a rapid exothermic reaction in

41-T-111 with the present tank conditions is nor plausible because of the high moisture

L

S - - ank
content of the waste and lack of any concentrated heat source. Therefore, the contents of
tank 241-T-111 present no credible imminent threat to the workers at the Hanford Site, the
public, or the environment. Because an exothermic reaction is not credible, the
consequences of this accident scenario, as promulgated by the General Accounting Office,
are not applicable.” However, until the source and mechanism of the exotherm is further
clarified, it was considered prudent to list the tank on the Organics Watch List, apply more

- -o-nigorous access controls, and conduct further intrusive operations in tank 241-T-111 with

gredrer care,

°Agnew, S. F., 1994, Hanford Defined Wastes: Chemical and Radionuclide
Composirions, LA-UR-94-2657, Los Alamos National Laboratory, Los Alamos, New
Mexico.

. Peach, J. D., 1990, Conseguences of Explosion of Hanford's Single-Shell Tank are
Understated, (Letter B-241479 to C. M. Synar, Chairman of Environment, Energy, and
- Natural Resources. Subcommittee, Committee on Government Operations, House of
Representatives), GAO/RCED-91-34, General Accounting Office, Washington, D.C
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Table ES-1. Single-Shell Tank 241-T-111 Concentrations and
Inventories for Critical List Analytes.

Physical Properties

Density 1.16-1.28 g/mL | H,O 76.0% 1,650,000 kg
Temperature 16 °C Heat Load 81 w (24 BTU/hr)
pH 11.65 Total Waste Mass 2,171,000 kg
Chemical Constituents Co?c‘;r;ifion Bulk Inventory
(Wt %) (kg)
Calcium (Ca) 0.242 5,260
Chromium (Cr) 0.198 4,290
Iron (Fe) 1.85 40,200
Manganese (Mn) 0.633 13,700
Sodium (Na) '3.70 80,300
Bismuth (Bi) 2.60 56,300
Lanthanum (La) 0.422 9,200
Silicon (Si) 0.567 12,300
Uranium (U) 0.355 7,700
Total Phosphate (PO,”) 3.2 70,100
Sulfate (SO,?) 0.355 7,700
Nitrate (NOy) 4.13 89,700
Fluoride (F) (0.230 4,990
Total Organic Carbon 0.312 6.770
(TOC)
Radionuclides (uCi/g) (Ci)

Total Plutonium 0.304 660
Am-241 0.0425 92.4
Sr-90 5.41 11,800
Cs-137 0.166 360
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Table ES-2. Tank 241-T-111.

Tank Description

Type: Single-Shell
Constructed: 1944
In Service: 1945
Diameter: 75 ft (22.9 m)
Usable Depth: 17 ft (5.2 m)
Operating Capacity: 530,000 gal
- -(20IE+06 L)

Bottom Shape: Dished
Hanford Coordinates 43.347° North
75.737° West

Ventilation: Passive

Tank Status: as of May 1994

Contents: Non-Complexed Waste

Total Waste:

bl b

Supernate Volume:

(under riser):

Liquid Observation Well
Level:

Integnty Category:
“Watch List Status:

456,000 gal
(1.73E4+06 L)
0 gal

(OL)

51,000 gal (193,000 L)

Y

ie ng o -
--- - -161.1 in. {408.5 cm

158.8 in. (403.4 cm)
Assumed Leaker
Organic

Vil
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Figure ES-1.

CORE 32

g CORE 33
CORE 31
TC=Thermocouple
/
4.4r_! M 4.99’-44 . 1,730.000 Liters . 5.49m [18.0f1]
(753 N (161 Ny [456.000 Gatlons] Liner Height
Y ' “_J&tg:: =
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_.__This report presents_a broad backgro
- sampling, which initially guided the d evelopment of the sampling and analysis program,
__This matenial includes proce m

- results of tank 241-T-111 cor

-~ TANK CHARACTERIZATION REPORT: TANK 241-T-111

1.0 INTRODUCTION

In late October and early November of 1991, single-shell tank (SST) 241-T-111 was sampled

_.and analyses were conducted on the materials obtained to complete Hanford Federal Faciliry

- Agreement-and -Consent Order (Tri-Party Agreement) Milestone M-10- 00 (Ecology

— A

. measu:cm.ents and mv;ntoﬂf csnmates s"pport are as follows

«  Obtain estimates of both the concentration and total quantity of key analytes
relating to safety issues, such as organics and radionuclides.

» Provide input to risk assessment-based disposal decisions for the waste.

«__ Implement physical property measurements, such as rheology, bulk density, and
particle size. These measurements are necessary for the design and fabrication
of retrieval, pretreatment, and vitrification systems,

The purpose of the tank characterization report is to describe and characterize the waste in
SST 241-T-111, based on information from various sources. This report summarizes the
available information regarding the waste in tank 241-T-111, and arranges this information in
a format useful to support management and technical decisions concerning this waste tank.

1.2 SCOPE

nd of information that was available before core

s stream data, historical information about any previous

fer records, and observations from in-tank photographs. The
e-sample analyses are summarized and presented, along with a
statistical interpretation of the data. The information obtajned from historical sources will be

Q
es
characterization testing, trans

characterization efforts proceed and additional information becomes ava:lable, this document
will be revised periodically to reflect the new data set.

1-1
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2.0 HISTORICAL TANK INFORMATION AND EVALUATION

Radioactive wastes from defense operations have accumulated at the Hanford Site ip
underground waste tanks since the late 1940s. The original tank farms (B, C, T, and U)
were built from 1943 to 1944. Tank 241-T-111 was placed into service in 1945. Groups of
waste tanks that were physically located together and built at the same time are called tank
_farms. Each original tank has a diameter of 22.9 m (75 ft), an operating depth of 5.2 m
(17 ft), and a nominal capacity of 2 million liters (530,000 gal). The basic design of a
typical SST is shown in Figure 2-1. The tanks were constructed of reinforced concrete with
a mild steel liner covering their bottoms and sides. The carbon steel liners were designed to
——--=="- receive and contain neutralized, miidly alkaline wastes. The tops of the tanks are concrete
domes. Tanks such as 241-T-111 were all covered by at least 1.8 m (6 ft) of soil for
shielding purposes (Anderson 1990). The tanks in the tank farms were connected in groups
of three or four and overflowed from one to another in a configuration known as a cascade.
Tank 241-T-111 is the middle tank in a cascade that includes 241-T-110 and 241-T-112.
Cascades served several functions.in Hanford-Site waste management operations. By
. -.-cascading tanks; fewer conneetions needed to be made during waste disposal. Consequently,
- all three tanks were usable without having to connect the active waste transfer line directly to
~each -individual tank. This handling method reduced the likelihood for personne! exposure to

- —--—---the waste and diminished the chances for a loss of tank integrity because of overfilling.

most of the solids in the waste slurries routed to the tanks settled in the first tank
_(241-T-110), and the clarified liquids cascaded on to the other tanks in the series (241-T-111
and 241-T-112). Supernate from the final tank in a cascade series was sometimes routed to a
- oo ~disposal.trench. - Sinee-most radienuclides are insoluble in agueous alkaline media,
- ¢larfication reduced the potential amount of tadiological contamination to the environment.
However, historical sources report that cascade lines routinely clogged (Anderson 1990).

- —- e WhenrClogging oCcurred, very iifiie could be done to resolve the problem, other than re-
ing the-effiuent stream directly to the disposal tank. Cascading was a common practice

™h

""""" 1uu
1n the-early process history of the tanks, but became less frequent as time passed, virtually
ceasing by the late 1950s

The first type of waste that tank 241-T-111 received and stored was second-cycle
decontamination waste from the bismuth phosphate process (2C) (1945 to 1952). The tank
was filled by a cascade of 2C waste in the fourth quarter of 1945. The supernatant in the
tank was disposed to a crib in the third and fourth quarters of 1947. The tank was then re-
- -~ filled with 2C waste in the second quarter of 1948. After the cascade was filled again in late
o 1948, tank 241-T-111 remained in active service. From 1953 to 1955, tank 241-T-111 was

2-1
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Figure 2-1. Typical Single-Shell Tank Diagram.
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used to cascade Z-E_ar_ld lanthanum fluoride waste (224) from the LaF; finishing process in

- T Plant to a cnb. _In addition, Anderson {1590) reports that some 5-6 cell drainage out of

B Plant was routed to the tank along with 224 waste in 1952.

oo .. After the end of the T-Plant cascade in 1955, the reported total-waste volume-remained
-~ relatively unchanged [between 1.98 and 2.12 millien L (524,000 and 560,000 gal)] for the

remainder of the tank’s active service life. There was a residual heel of at least
1.85 million L (488,000 gal) left from previous waste management operations.
Tank 241-T-111 remained in 2C service through the third quarter of 1956 (T Plant ran BiPQO,

..until August 1956),. Anderson (1990) notes-that in-1952 the tank was also receiving

224 waste from the plutonium purification/concentration processes performed in the

224-T building.

T Plant initially was built as a bismuth phosphate processing plant, however that purpose was
changed when it became an equipment decontamination facility. The tank would have aiso

— - received miscellanecus decontamination chemicals from T-Plant decontamination operations
" performed in the 1960s. The records are not clear whether tank 241-T-111 always received

waste as overflow from tank 241-T-110, or if waste was later routed directly to it. There is
anecdotal evidence that the cascade overflow line plugged early in the service life of

tank 241-T-110, and that a direct discharge line from T Plant was used to dispose of wastes
to tank 241-T-111, however no reference confirming this fact can be found. Between 1964
and 1974, the reported solids volume fluctuated widely between 1.93 and 0.88 million L
(510,000 and 233,000 gal). A highly anomalous reading of 150,000 L (40,000 gal) is not

- -—considered credible and is believed to be the resuit of a transcription error. In that time

period, the total volume reported rose slightly, then decreased from 2.06 million L to
1.85 million L (541,000 to 488,000 gal) (Anderson 1990). In the second quarter of 1974,
there were two small transfers out of Tank 241-T-111: one of 106,000 L (28,000 gal) to
tank 241-5-110 and one of 53,000 L (14,000 gal) to tank 241-T-109.

In the third quarter of the same year, dry wells 50-11-05 and 50-11-08 were drilled and in

i ii

- -{he-fourth quarter-of 1974, tank 241-T-111 was removed from active service. In the first

and second quarters of 1976, two minor transfers of 30,300 L and 19,000 L (8,000 and
5,000 gal), respectively, were made out of tank 241-T-111. Saltwell pumping commenced in
the third quarter of 1576 as part of the tank stabilization effort, and no further waste receipts
were made. In 1979, the integrity of the tank was questioned and dry well 50-11-11 was
drilled in the third quarter. As a result of an observed level drop, tank 241-T-111 was
declared an assumed leaker in 1984 (Hanlon 1994). Figure 2-2 illustrates the fill and
transfer history of 241-T-111.

--—~The wide fluctuation in the early reported solids level makes it difficult to derive any firm

conclusions regarding the stratification in the tank on a strictly historical basis. Overall
sludge volume in the tank may have decreased somewhat between 1956 and 1974 with

further settling and compaction from the weight of overlying solids. The amount of sludge
added since the end of the T-Plant cascade activity probably is negligible, because the

transfer history of the tank was so limited. Floating suction pumps do not transfer solids
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seems unhkely However the reported sohds measurement in the fourth quarter of 1956
[1.93 million L (510,000 gal)] and the reported solids measurement at the end of the tank’s
active service life in 1980 [1.85 million L (488,000 gal)] appears to be reasonable, a

~ 4.5 percent difference, given the time and compaction processes ongoing in the tank, and the
inherent uncertainties associated with early solids measurements in the tank farms.

2.3 PROCESS KNOWLEDGE
Process knowledge obtained from historical records can be used to predict the major

constituents and some general physical properties of the waste matrix in the tanks.
Tank 241-T-111 is expected to contain relatively soft sludge, which can be push-mode

___sampled.. During its operating history, tank 241-T-111 was never subject to any of the

various waste volume reduction or in-tank solidification processes. Consequently, there was
no formation of hard salt cake on top of the sludge, as there was in the BY or TX Tank
Farms (Anderson 1990). This expectation was supported by inspection of in-tank
photographs that indicated a moist and pliant waste surface (see Figures 2-3 and 2-4). The
effluents that were added to the tank during waste management operations were slurries
consisting primarily of water (Schneider 1951). There was no mixing equipment in

tank 241-T-111 to blend the layers of settled solids together and there were distinct
differences in the composition of wastes directed to it over its operating life. Agnew (1994)
predicts that 2C and 224 wastes are not identical in makeup, and analytically observable
variations in composition are expected Because of the lack of agitation or mixing in the

results

Previous analytical data on tank 241-T-111 is scant. The results of some liquid samples
~ taken in 1974 are provided in Appendix C. Because the tank has been pumped several times

- sinee those-samples were taken, they are not considered representative of the present waste

matrix. The lower solids in tank 241-B-110 should be similar to the lower solids in
tank 241-T-111 (Borshetm 1994). Both tanks were filled at least twice with 2C.

- Tap}\ 241-B-110-was the firsttank in the B-Plant 2C cascade while tank 241-T-111 was the
- second 4ank in-the-T-Plant 2C cascade. Further studies and comparisons of tank

"””*‘"'t'Omposluons will be forthcoming, pending additional analytical information on the various

waste types and matrices that exist in the tank farms. The solids from the neutralized
solution would have settled out in the tanks while the supernatant was disposed to cribs. The
upper solids of tank 241-T-111 should have some similarity to the B and T 200-series tanks,

VA e mda
because they all received 224 wasie.

The estimated composition of neutralized 2C and 224 waste streams (i.e. unsettled) are given
-In Table 2-1 as determined from-Schneider-(1951). The Schneider (1951) process stream
compositions are for the unsettled wastes being transferred from the separations plants. The

i
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Figure 2-4. 241-T-111 Surveillance Photo - Close up.
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_gsﬁma;ggigsiggAf'ég;w (1994). provide insight te the analvie concentrations of the settled
sludge. How the waste settled, the solids content of the settled waste, and how it affected
the waste inventory of the tank will be discussed further in Section 6.

1 N1 1

- === Table 2-1.-Typical ‘Waste Stream-Compositicns-and-Expecied -Sludge Compositions for
Selected Analytes (Wet Basis).

Settled 2C BiPO,
Unsetled 2C |, A0 | LbOtas 224 | Settled BiPOLaF,
o pAnalyle ) BIPO,wasle | e 1044-1051] process waste | 22+ PROCESS waste
(Schneider 1951) | ™'/ P10 1956 | (Schneider 1951) |  (ABRew 1994)
compositions .
(Cation | Wt % | (ug/g) | Wt % | (ug/g) | Wt % | (ug/e) | Wt % | (ug/g
Bi  |0.12 |1,200 |2.55 25,500 |0.11  |L,100 |2.07 20,690
- {&r |0.006 [60  |0.0033 |33 0.016 | 160 0.0035 |35
Na* 3.5  |35,000 |6.46  |64,600 13.39 33,900 |8.50 85,000
NH,*** [0.16 1,600 | - - 0.011 | 110 - -
] [Fe {017 [1,700 |19 17,000 | - — |0 0
Mn - - 0 0 0.031 [310 0.019 190
K . » 0 0 0.79 7,900 0.779 |7.790
e - _1T- |0 10 0.05 - |500 2.67 26,700
Anions '
PO, 2.2 22,000 |5.63 56,300 |0.28 2,800 1.25 12,500
SOF 034 13,400 |0.276 2,760 10.032 1320 0 0
NO, 5.8  |58,000 |4.28  |42,800 |3.91  |39.100 |6.16 61,600
CF - 10494 (4,940 (0.52 [S5.200 |4.66 46,600
——[SiF& 035 3,500 | - 1- - n . )
C,0.% - - - 0 0.12 1,200 1.52 15,200
- [H, 0~ [87.3--1873,000 | 76.0 | 760,000 {9075 1907.500 1€9.0 689,600

*Analytes listed in italics are mostly soluble.
**NH,™ probably has dissipated over time and is believed to be no longer present.
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2.4 SURVEILLANCE DATA

- -~ _The most recent waste inventory measurement for tank 241-T-111 reports approximately

1. 73 mllhon L (456,000 gal) of solid waste with an estimated 193,000 L (51 000 gal) of

downward trend over the past 18 months, nea.rly 2 3.8 cm drop in surface level, after a very
long, gradual, but minor upward trend over the last ten years (see Figure 2-5). This recent
behavior possibly indicates further settling, or leaking has taken place. These figures
transiate to-a waste depth of 408.9 cm (161.1 in.) underneath the riser and 440.2 cm

~(173.3 in.) at the tank centerline. The tank has not been fully interim stabilized yet, and is

an assumed leaker. The recent waste temperature in tank 241-T-111, taken from a
thermocouple tree is approximately 16 °C (60.5 °F) (Rios 1994), and the estimated heat load
in the tank is less than 2.93 kW (10,000 Btu/hr).

2.5 TANK STATUS

~Tank 241-T-111 was a non-watch-list SST, with no historical indication of any potential

safety issue. However, during the review of the energetics data that was done in support of
characterization, exotherms in excess of -125 cal/dry gram of waste were noticed in the top
been done confirming the initial observation and as a result 241-T-111 has been added to the
Organic Tank Watch List (Wicks 1994). The exotherms were not predicted from the process
history of the tank and the known characteristics of the 2C and 224 waste streams disposed
there,
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3.0 TANK SAMPLING OVERVIEW

3.1 DESCRIPTION OF SAMPLING EVENT

Tank 241-T-i11 was push-mode core sampled through three risers during a period from

"designed corc samplmg truck. Access to the interior of the tank is provided by various tank

risers. Risers are pipes of various diameters leading into the tank dome from the ground.
_ The riser configuration for tank 241-T-111 is given in-Figure 3-1. A review of the tank

farm operating records and a field inspection of the tank risers determine which risers can be
used in the sampling operation. During sampling, a riser is openad and the truck 1s

positioned over the riser. The sampler is lowered into the tank through the drill string and
pushed into the waste. Further information regarding the core sampling operation can be

- found.in Tank Farm Operating Precedure-(Ross 1993). Nine segments were expected from
each core sample. Each segment is approximately 48 cm (19 in) long. Core 31 was
obtained from riser 6 on October 22, 1991. Core 32 was obtained from riser 2 from
QOctober 24, 1991 to October 25, 1991 Core 33 was obtained from riser 3 on November 5,

R ndiatdh s S i Y

1591 to November 7, 1991.

. The sampler is-constructed of stainless steel and is 48 ¢m (19 in) long, with a 2.2-cm

(7/8-in) inside diameter, and has a volume of 187 mL (0.05 gal). A hydrostatic fluid of
normal paraffin hydrocarbons, similar to kerosene, was used in establishing a head balance
while taking these cores. Objections involving sample degradation and contamination have
been raised regarding the use of this fluid, and the practice has since been discontinued.
However, for cores 31 and 33, nearly full recovery was achieved in every case. There were
little or no drainable liquids observed in the sample liners or in the samplers upon extrusion
of the samples and aJLhough hydraulic permeability measurements were not taken as part of

~ from the hydrostatlc flu1d is not deemed to be a srgmf’xcant issue Wlth the analysis of the
- sample or the interpretation of the results.

“Fhe casks were transperied to the 222-S Laboratory for characterization analysis. This
facility is operated by Westinghouse Hanford Company in the 200 West Area of the Hanford
Site. Further physical and radiochemical characterization was performed at the

325 Laboratory. Specific analyses aimed at identifying and resolving the unusual energetics
observed (Bean 1994) are also being done at 325 Laboratory. That facility is operated by
Battelle Pacific Northwest Laboratory (PNL), and is located in the 300 Area of the Hanford
Site.

Before the most recent stabilization effort, a series.of l quid-grab—s&mplesﬂvere taken and
nalyzed to ensure waste compatibility with the tank receiving the 241-T-111 liquid waste.

__These grab. _samples were 2equired using-a sampling-method known as “bottie-on-a-string,” in

which a weighted bottle with a shuttered mouth is lowered into the liquid waste. The bottle’s
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Figure 3-1. Tank 241-T-111 Riser Configuration.
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mouth is opened,—i-t fills with liquid, the mouth is closed, and the sample is retrieved and
transported to the 222-S Laboratory. Winters et al. (1990a and 1990b) has a more detailed
description of this sample method.

A chain-of-custody record was kept during the sampling event for each segment that was
sampled. The chain-of-custody form is a one-page record that is used to ensure that (1) the
sample is-safely and properly transported from the field to the lahoratory, and (2) the correct

| personnei are involved in the sampling operation and transportation of the sample to the
laboratory. )

One of the additional functions of the chain-of-custody record is to provide radiation survey
data. This is a record of the radiation dose that is emitted from the shipping cask. The dose
rates in mrem/hour are measured from the top, sides, and bottom of the cask. These values
are recorded on the chain-of-custody record and represent the radiation being emitted directly
from the sample. The last item recorded under the radiation survey data is the smearable
contamination. “Smearable contamination represents the radiation from waste material that is
not sealed within the shipping cask; values greater than 100 mrem/hour are considered

- ---unsafe. -Measurements-are made both in the field and in the laboratory. No smearable
contamination was found with these samples.

The chain-of-custody has several other important functions: (1) to provide a modest

and cask serial numbers for the specific sampling event); (2) to provide summary information

about the analytical suite that the sample will undergo or reference the salient documentation;
~----—- 3)-to provide traceability for the sample during transport; and (4) to ensure sample integrity

on arrival at the laboratory. This information is provided to ensure that each sample can be

uniquely identified. A summary of the most pertinent data contained in the chain-of-custody

forms for the tank 241-T-111 samples is presented in Tables 3-1 and 3-2.

.. Copies of the chain-of-custody forms are available in the full data package and through
Hanford-Site Central Files. From inspection of the chain-of-custody records, there appear to

- be irregularities-in-the sampling and transport of tank 241-T-111 samples. Valve failures
were observed 'in individual segments in all three core samples, and core 32 was considered
to be completely compromised and non-representative. Each segment was almost entirely
aqueous, containing at most a small amount of suspended solids. Liquid was also found in
some of the liners surrounding the samplers from core 32, and was assumed to be leakage
from the sampler. These irregularities merit a sampling concern, sample integrity concern,

.- and potential safety concern (i.e., sample containment was compromised). However, the
double-containment straiegy empioyed in the handling of the samples was successful in

- --preventing any excessive radiological exposure o personnel and no material escaped

confinement. Further investigation and refinement of the sampling process, procedures, and
sampler design is in progress.




WHC-EP-0806

Table 3-1. Core 31--Chain of Custody Summary.

Sample Core 31

Place Taken 241-T-111 Riser 6
Date Taken 10/22/91

Date Released 10/23/91

Time Released 9:35 P.M.

Sender D. C. Hartley
Receiver V. Johansen
Place Received 222-S Laboratory
Time Received 10:00 P.M.

Sample Number

Smearable Contamination

Dose Rate Through the

Drill String

91-090 (Segment 1) | < DL alpha 4.5 mR/hr
e <" DL beta-gamma ’
91-091 (Segment 2) | < DL alpha 2.4 mR/hr
= < DL beta-gamma
91-092 (Segment 3) | < DL alpha 2.5 mR/hr
' < DL beta-gamma
91-093 {Segment 4) | < DL alpha 2.0 mR/hr
< DL beta-gamma
91-094 (Segment 5) | < DL alpha 1.5 mR/hr
< DL beta-gamma
01-095 (Segment 6) { < DL alpha 1.5 mR/hr
< DL beta-gamma
91-096 (Segment 7) | < DL alpha 0.5 mR/hr
< DL beta-gamma
91-097 (Segment 8) | < DL alpha 1.5 mR/hr
< DL beta-gamma -
1 91-098 (Segment 9) ' < DL alpha 0.3 mR/hr
' < DL beta-gamma

< DL = below detection limit
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Table 3-2. Core 33--Chain of Custody Summary

Sample Core 33
|Place Taken - -[241-T-111 Riser 3
Dates Taken 11/5/91 to 11/6/91

Daies Released

1 11/6/91 to 11/7/91

Sender D. C. Hartley
Receiver | V. Johansen
Place Recetved | 222-S Laboratory
| Times Received | See Below
Sample Number/ | Date Released/ Smearable Dose Rate Through the Drill
Date Sampled Time Released/ Contamination String
- Time Received -
91-108 11/6/91 < DL alpha 3 mR/hr
[ (Segment 1) 10:10—- ———- 1-< DL beta-gamma ’
11/5/91 10:55
91-109 11/6/91 < DL alpha 2.5 mR/hr
(Segment 2) 10:10 < DL beta-gamma
11/5/91 10:55
0i-i10 - H76791 < DL alpha 10 mR/hr
(Segment 3) 10:10 < DL beta-gamma
11/5/91 10:55
l9t-111 - 111/6/91 < DL alpha 5 mR/hr
(Segment 4) 14:10 < DL beta-gamma
11/5/91 14:30
191-112 _111/6/91 ... I < DL alpha < 0.5 mR/hr
(Segment 5) 14:10 < DL beta-gamma
11/6/91 14:30
91-113 11/6/91 < DL alpha 2 mR/hr
__ | (Segment 6) 14:10 < DL beta-pamma
| 11/6/91 - |14:30
01-114 11/7/91 < DL alpha 1.5 mR/hr
(Segment 7) 10:10 < DL beta-gamma
11/6/91 10:35 —
911 L11/7/91 < DL alpha I mR/hr
(Segment 8) 10:10 < DL beta-pamma
11/6/91 10:35
91-116 ) 11/7/91 < DL alpha 1 mR/hr
{ (Segment 9) 10:10 o | < DL beta-gamma
11/6/91 10:35 r

3-5
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-4, 0 SAMPLE HANDLING AND ANALYTICAL SCHEME

The primary objective for these waste analyses was to meet requirements of the Hanford
Federal Facility Agreement and Consent Order (Ecology et al. 1992, Ecology et al. 1994).
Two composites from each core were built and analyzed in accordance with the complete
baseline case core composite scenario detailed in WHC-EP-0210 (Winters et al. 1990a,
Winters et al. 1990b) and as amended by Hill et al. (1991). However, there are other
concerns and interests for this data. First, this information will help to evaluate whether
constituent concentrations are within safe operating limits by determining whether they are
flammable or explosive. Second, analyte concentrations of interest to the various
Hanford-Site technical programs can be determined.

Because tank 241-T-111 initially was identified as a non-watch- list tank, extensive analytical

Lo

measurements were not specified to resolve any previously identified safety concerns

associated wih this tank. The analysis horizon for characterization was determined to be on
the core composite level with selected analyses being performed on a segment-level basis.

. However, after the discovery of substantial exotherms in the top 100 cm (40 in) of the waste,

additional testing on a segment level basis was done on those samples exhibiting reactive
behavior. This additional testing, with an emphasis on providing resolution to the safety
issues raised by the presence of the exotherms in the waste is still underway.at the time of

" the wnting of this report. This report will be updated to reflect the new data or root causes

of the energetics when that information becomes available.

4.1 SAMPLE BREAKDOWN PROCEDURE

__In order to obtain the sample,.the sampler is shipped in a veriical position and removed from

the shipping cask directly into the hot cell. At this time, the sampler must be placed in the
honzontal position. The samplie is then loaded into the mechanical extruder and removed by

““pushing it out from the back of the sampler with 2 piston. In this case, the sampler is

pressed against a fixed piston, forcing the sample into the extrusion tray. If a full sample is

“-capiured, the material nearest the valve will be from a deeper part of the tank. The material

near the piston is closer to the surface. The sample and any liquids are collected on a metal
tray. Next, the mass of the segment and the approximate length are recorded. From this

“information, the gross bulk densities of the segments can be estimated until further physical

properties work is performed. The sample volume is determined by measuring the length of
the extruded sample using a linear unit volume of 9.85 mL/in, Figure 4-1 illustrates how the
38T segment ‘'sample 'was extruded. Color photographs documenting the extrusions of each

of the segments from tank 241-T-111 were taken and are on file at the 222-§ Laboratory.

4-1
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Figure 4-1. Typical Single-Shell Tank Segment Extrusion.
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Several different styles of nomenclature presently are used for distinguishing core samples,
sample segments, and subsegments in the existing literature. _Two major conventions are

used in the documentation relating to core sampling in general. The first is designating the
“segment with the last two digits of the calendar year (92-) and then numbering the segments
sequentially (<001, -002, etc.). This system resets itself every calendar year. The second

system distinguishes the tank, core, segment (and subsegment, if necessary), with segment 1

___being the at the top of the core sample and having the number increase as a function of depth

in the tank so that segment 9 is at the bottom of the tank in 241-T-111, An example of this

__naming protocol for the second segment of the first core is 241-T-111-Core 31-Segment 2,

~ a visual inspection of the sample length and apparent volume at the time the samples are

~Wheré no tank identification is given in this report, it is understood to mean tank 241-T-111,

4.2 TANK 241-T-111 CORE SAMPLE DESCRIPTION

_The location of the risers, the dished bottom.of the tank;-and- safety margins in the sampling

protocol preclude obtaining samples from the entire waste depth in the tank. In addition, the
sampling protocol establishes that segments will be calculated from the bottom up. Thus,

depending on the waste depth, maximum recovery for the top segment from tank 241-T-111
is not necessarily going to be a full 48-cm (19-in) segment. However, for cores 31 and 33,
sample recovery was excellent; overall recoveries were in excess of 80 percent. Segment
recoveries were based on the maximum recoverable volume for the segment regardless of
_solid/liquid ratio. The core recoveries reported in the data package are determined based on

extruded. " Further study of the color photographs taken after extrusion can aid in clarifying a
-rough sample velume. Tables 4-1 and 4-2 present the initial measurements and observations
regarding the core samples on extrusion, and an estimated range of the core recovery on a
volume basis for cores 31 and 33.

Although samples for core 32 were taken from riser 2, the materials obtained at all levels

.. appeared {g be particulale Sispended in an aqueous solution, with slight traces of normal
S ~paraffin-hydrocarbon contamination observed in a few samples. These samples did not

correspond to the observed conditions in the tank and were considered non-representative,

- = The Tesulis of the core-32 sampling exereise were attributed to sampier failure, and because

no acceptable samples were acquired, no assays were performed. Therefore.-no results for
core 32 will be reported. Valve failures were reported routinely for all three core samples at

-deeper positions in the tank. The full data package (McKinney et al. 1993) containing all of
the assay results is available from the Hanford-Site Central Files.

eneral characterisiics of tank 241-T-111 waste materials are as follows.

i
i
L

e liquid was associated with these samples either in the liner

«  Core samples generally were dark brown or black in color. The brown solids
were streaked through with grey/white material.
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Core ‘ . ‘ ‘
Core recovery | Total {@
number | Segment (Vol. basis) | mass (g) : Comments
. . Dé I : !
(Riser 6) ass (e | | '
31 1 27 A 64[_ 0 Sunpler wan uurly cmpty; conlsincd lpproxmtcly 50 mL of b]-ck!hmwn Jow viscosity solids. Apparcatly
g ) homogunemu :
31 2 80-100% 182.8 Sampler was almost completely filled with solids. Again, the Illlcl'ill is dark brown or black with a fluid or
- ) gellike consistency, and appears 10 be homogencous. A soull amount of liner Liquid was obscrved. The
liquid was observed Lo be two phase (NPH and aqueous phases).
31 3 95-100% 162.2 Sampler was almost compketcly filled with 10lids. The wastc ii d.nrk hrown with a thick, viscous consisicncy,
. ’ and appcans w be compileicly homog encous.
3 1 4 80_ 100% 153 5 Sampier was slmont compheacly ﬁllqi with solids. The wasic in dark brown with a thick, viscous coasisicacy,
; ’ and appean 1o be compkicly homogentous. The top cighth contained wasie material that appeared 1o be more
Muaid Mu the rest of the sample. No sampler liquid or liney liquid wan observed.
31 5 100% 190 .9 Similar 10 previous obscrvations; nolumplcr or liner hiquid. ‘|
31 6 0% NA Sumpler cmpty |
3] 7 90_ ﬁ 0% 186.4 Sampicr was slmost compleicly filled with solids. The waste in dark brown with a thick, viscous consistency,
' and appean o be compktcly bomogenoous
3 1 8 100% 1 86_4 Similar W previous cbscrvations; no sampler or liner Liquid.
3 1 9 100% 203 1 Sample was not homogencous. Sample began as before (dark hrown and viscous), bt gradually became

lightcr as & function of depth, Samplle was divided into two portions, a light end (133.4 g) and a dark end
(69.7 g). Consistcacy of the sample remained the same throughout.
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Core : 'll ' b ,
: Core recovery | Total mass : ' ‘
‘number | Segment (Vol. basis) () , X - Comments
(Riser 3) P oA & | ' ' ‘.
33 1 100% 159.16 Samipler was full of bhcl..ﬂhmwn low viscosity soihd: Apparcatly homogeneous, with no dramabh:
hquld n : . !

33 2 100% 207.59 Sampler was completely i ll" led with, lol!d! Again, the malerial is dark brown or bllcl: with 2
| ’ viscous consistency, and p;apc.n o be homogencous.

33 3 87" 100% l()? 9 Sampler was ncasly filled with solsd;s. The waste is dark brown with a thick, viscous consistency,
) ’ and agpears 10 be compleicly homogeneous. ‘

33 4 75_85 % 1 82 05 Sampler was 75-35% ﬁllqdirlh Iol‘ldl The waste is dark brown with & thick, viscous:

) consisiency, and appears w be completcly homogencous. The valve was obnned 10 be open prior
1o extrusion. No sampler hquud or liner liquid was cbserved.
33 5 88% 174 3 ‘| Similar to previous oblcr\'l!,im. the 'valve was observed open, the sampler had approximately 88 %
‘ ’ solids, and no dreinabic or finer liqulid wis 3cen.
33 6 100% 217.37 Sampler wndmoulcanpldlzly filled with solids. The wase ud&rkbmnh with & thick, viscous
I consistency, and appears (o be completely homogencous.
33 7 100% 196.9] Sampler way ahnost completely filled with solids. Thcwlncudul:bw:wlhlﬂmk viscous
) consistency, and appears ko be completely homogencous.
33 8 100% 199 8 Siumilar o previous cbservalions. No sampler or Imer liquid.
33 9 100% f9101 | Samplke was not bomogencous. Samyple began as before (dark Brown and viscous) but gradualty

became lighter in color a3 a functioo of depth, similar 1o core 31. Aliquots from the light and dark
portions were kea for VOA and coergetics analyses. Consistency of the sample remained the
1ame throughow.

*Krewwng vonduosaq didwes ¢¢ 210D [11-L-1¥T AUBl “Z-¥ S1GEL
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» The ;a-mples had a viscous or gel-like consistency. They were thick, relatively
smooth sludges (swamp mud was the descriptive term used by the hot-cell

----observer). - The core materiais ail appéeared to be saturated with liquid, which did
not drain.

__.4.3 HOLD TIME CONSIDERATIONS

All analytes have a predetermined maximum allowable holding time set by the Environmental
Protection Agency (EPA 1986), during which the analysis should be completed. Completion
of analysis during the maximum allowable holding time enhances the regulatory defensibility
of the data. The length of the holding time varies for each analyte. For example, analyses
performed on volatile and semivolatile organic compounds, many of which decompose or

. _dissipate-quickly, have shorter holding times. On the other hand, persistent analytes such as

metals (except mercury), do not readily decompose or dissipate, and therefore have much

_longer acceptable holding times. Nearly all of the analyses of cores 31 and 33 exceeded

their respective maximum allowable holding times. The only analyses that came close to
meeting holding-time criteria were radiochemistry and metal analyses. Both of these
analyses were completed about six months after sampling, and six months is the maximum

~ weakens the defensibility of the analytical results for some uses, it is anticipated that the
_ overall effect on the analytical- results for tank 241-T-111 waste relaiive to waste management

and disposal information needs is minimal. Further discussion of holding times can be found
in Winters et al. (1990z).

4.4 SAMPLE PREPARATION

Sample preparation procedures are conducted in order to optimize the recovery of each
analyte of interest from the tank waste. Water digestion, acid digestion, and potassium
hydroxide fusion commonly are used to extract metals and several radiocisotopes from solid
samples, and in some cases digestions are performed on liquid samples to improve analytical
resolution. Many separations are specific to a particular analysis and are described within
the corresponding analytical methods referenced in Section 4.5. In order to verify analyte

. recoveries resulting from separation techniques, laboratory control samples, carriers, spikes,
tracers, and surrogates are analyzed concurrently with the characterization samples.

—In-some-cases no sample preparation is necessary or desired. Direct analyses are assays

performed on the sample matrix with little or no sample preparation. Several direct analyses
were performed relating to the physical or energetic properties of the waste: density,

-thermogravimetric-analysis (TGA), differential scanning calorimetry (DSC), and gravimetric
"~ welght percent water.

4-6
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The soluble anions are determined by ion chromatography (IC). The primary anions
___analyzed in this manner are fluoride; chloride; nitrate;- nitrite,-phosphate;-and sulfate. In
addition, free cyanide and pH were also analyzed from water digestion samples. Note that
IC assays use a 1 to 100 sample to water digestion, where pH measurements use a 1 to 1
sample to water ratio. Selected radionuclides were measured on some of the water digestion

samples to determine the type and number of water soluble radionuclides. Inductively
coupled plasma-atomic emission spectroscopy (ICP) and atomic absorption (AA) spectroscopy
were also performed on some of the water digestion samples. These assays were performed
- to determine the amount of soluble metal cations (ICP) or arsenic, mercury, or
selenium (AA). In many cases, these analytes were below the detection limits in the water
digestion samples, suggesting that most of the analytes are not water soluble.

Acid digestion is a preparation method in which the sample is dissolved in-a mixture of nitric
- and hydrochloric acids. This preparation brings most of the insoluble metals into a solution

‘with a minimum amount of dilution, and usually is-best for-the detection of trace and some
major metals.- These properties are-the reason-that acid digestion generally is used as the
sample preparation for the homogenization tests in SW-846-based environmental sampling.
However, experience with Hanford-Site tank-waste matrices has shown that acid digestion
does not always provide complete solubilization, and that a more rigorous dissolution
preparation, such as fusion, may be necessary to get adequate quantitation. The analyses
,,,,, .. ..performed on this preparatien were-the ICP, gamma energy-analysis (GEA), and AA analysis
{the_AA analysis used. nitric acid only). IC analysis was not performed with the acid

digestion preparation solution because that method introduces additional Cl' or NO, anions,

7777 confounding the results for that sample.

Analyses that were performed on fusion-prepared samples were ICP and GEA for

- -radionuclides. Fusion dissolution analyses are assays performed on the sample matrix after it
has been fused with potassium hydroxide in a nickel crucible and dissolved in acid. This
preparation dissolves the entire sample, whereas other sample preparation procedures may
not completely dissolve the sample matrix. However, one significant disadvantage of fusion

__preparation is that large amounts_of potassium hydroxide are required to bring a sample into
solution. Because of this high dilution factor, trace elements are less likely to be quantified
correctly, if they are detected at all. Another limitation of the preparation method is if the
sample contains substantial quantities of potassium or nickel, these analytes will not be
quantifiable because the procedure uses potassium hydroxide and a nickel crucible. This
limitation can be overcome using alternate preparation methods if potassium or nickel are
- - -—-analytes-critical to interpretation of the data. Elements that-occur in abundarice, such as

major metals, or that are highly insoluble are likely to be detected better by the fusion results

gyl 232

than by any other sample preparation.
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matrices. Difficulty with dissolving the sample with a water leach, and volatility associated

~ with a fusion preparation, potentially will bias the “C results low for both sample preparation

~ types if they are associated with the water insoluble solid materials, and similar difficulties

are encounterad for the other radionucliides mentioned. However, none of these analytes are
expected to be significant contributors to the radionuclide content of the waste.

... . Major metal components that were detected-well-with fusion ICP analysis for tank 241-T-111

were calcium, chromium, iron, manganese, sodium, bismuth, and lanthanum. Phosphorous,
sulfur, and silicon are non-metallic analytes detected by ICP. In the case of these elements,
the fusion result is the preferred method of analysis becausg it is believed to provide more

‘complete dissolution of the waste, and therefore, more complete quantitation of the analytes.

... Comparisons of these results with the IC results can provide insight to the solubility

characteristics of the waste. Some of the primary radionuclides that are measured using this
sample preparation are Z’Np, 2%%%py, *Sr, '3’Cs, and **Tc. A total alpha and total beta

count were performed on the fusion dissolution samples as well.

As previously noted, chemical and radiological analyses were done largely on core

using quantities of segments based on a proportion of the total weight of sample for the core
(Winters et al. 1990a, Winters et al. 1990b). This method assumed that the sample obtained
is representative of what is in the tank. . However, when-partially filled segmenis are

voids in the waste. The approach used in this analysis effort was to composite equal
quantities of the homogenized segment material and assume that whatever is obtained in a

-~ partial segment is representative of a whole segment. Some inaccuracies may be introduced

from this method because of density differences between segments. However, the
inaccuracies introduced from density differences probably are small. In general, those
deviations are minimal compared to the other errors inherent in core sampling and analysis.
If full segments are obtained for the entire core, and the homogenization procedure is
satisfactory, there will be little difference between the two approaches.

4.5 ANALYTICAL METHODS
This section briefly describes the analyses used to characterize the waste in tank 241-T-111.

The analyses were split between the Westinghouse 222-S Laboratory and PNL, Several of
the analytical tests performed on the composites were also performed on the segments, but on

‘a much more limited scope. There were nc free liquids from cores 31 and 33, thus there are

no separate liquid core composite results. However, in-March-1994, a seres of liquid grab
samples were taken and analyzed for compatibility considerations (Carothers et al. 1994)
before the start of stabilization. These results will be presented with the water digestion

results and comparisons and conclusions will be made.
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—-weieht of the samnle

Physical tests completed at the 222-S Laboratory included particle size analysis, TGA, DSC,
_specific_gravity, and percent water analyses.. Duplicates were-performed for the percent

—water-analyses. - The-physical properties measured at PNL included weight percent solids,

_ settling behavior, and weight percent dissolved solids. Rheological testing on these samples

_were performed at PNL and included-shear-strength -and shear-siress as a function of shear

rate. Rheological properties were measured in duplicate. Table 4-3 lists the analytical

methods used for physical and rheological testing. Three segments from Core 31

measurements, in addition to the particle size assay done on each segment. Viscosity,

- -—-settting properties; fluid behavior, and shear strength were some of the primary

characteristics investigated. The samples tested for these properties were not homogenized
before analysis.

Table 4-3. Analytical Methods for Physical and
Rheological Testing.

Analyte Procedure
Particle size T044-A-01712F
Thermogravimetric analysis LA-560-112
...~ .| Differential scanning - - -~ LA-514-113
calorimetry
{Specific gravity LA-510-112
== Percent water T.A-364-101
Rheology PNL-ALO-501
- PNL-ALO-502
Physical properties - | N/A

Scanning TGA and DSC are useful in determining the thermal stability or reactivity of a
material. TGA measures the mass of a sample while the temperature of the sample is
increased at a constant rate. In DSC analysis, the heat absorbed/evolved over and above the
usual heat capacity of the substance is measured while the substance is exposed to a linear
increase in temperature. The gravimetric weight percent water was determined by drying the
sample for 12 to 24 hours in an oven at 103 to 105 °C and measuring the difference in the

AR 1L LD NS Ssdaadit,

Falidl ¥ ]
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4.5.2 Chemical and Radionuclide Constituent Analysis

Most of the chemical and radionuclide analyses were performed at the 222-S Laboratory.
The uranium and plutonium isotopic analyses, however, were performed at PNL. Duplicate
analyses were performed on every tank sample. Table 4-4 lists the analytical methods used
(Winters et al. 19902, Winters et al. 1990b).

Sample Homogenization

The segment and core composite samples were homogenized using a mechanical mixer
before analysis. This was done so that aliquots removed for analysis would be representative
of the entire segment or core composite. Aliquots of the homogenized tank waste from

core 33, segments 1, 3, 5, 7, and 9, were taken to determine the efficacy of the
homogenization procedure. The samplcs were split into duplicates, acid digested, and

~ assayed by ICP and GEA. This procedure is done to determine if the degree of mixing
achieved by the as-pIanned homogenization procedure was sufficient to achieve sample
homogeneity. Since the homogenization samples are evaluated concurrently or after the other
core samples, the results provide only an estimate of subsampling error (or variation). They
were not used in this case to ensure that homogenization was achieved before analysis.
However, after review of the results, it appears that homogenization of the samples was

satisfactory.

4.5.3 Organic Constituent Analyses

All organic analyses of the samples from tank 241-T-111 were performed at PNL. An EPA

contract-laboratory-procedure- type organics-speciation analysis was performed on the core

~_composites. No levels of organic compounds above the contract required quantitation limit
were found in any of the samples, and they were not expected to contribute to the sample
matrix. The organic analyses performed were volatile organic analyses, semi-volatile organic
analyses, total organic halides, and extractable organic halides. Duplicates were performed

for all of these analyses. Table 4-5 lists the analyses and procedure numbers.

oxldauon procedure of a water dlgested sample At PNL the total orgamc carbon content
for the solids was determined using the hot persulfate method. That method dissolves a
sample in a 90 °C+ sulfuric acid solution to liberate inorganic carbon (carbonate). K,S,0,
_1s then added, and organic carbon is.converted to CQ,, which is measured coulometrically.
__________ ~As stated in_the "Executive Summary,” these methods did not provide satisfactory results for
the tank 241-T-111 waste samples. Later, furnace oxidation tests done at PNL gave results
much higher than those from the 222-S Laboratory and more in line with the observed
exothermic activity.

4-1Q
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__Table 4-4. Analytical Metheds-for- Chemical and Radio

... Table 4- 4, uclide Anaiyses.
~‘Analyte Method Procedure number
Hg Cold vapor atomic absorption LA-325-102
F, CL, NO,, NO;, PO.*, SO | .. lon chromatography - |  LA-533-105
CN ~ _ Distillation/spectrometric LA-695-101
S analysis LA-695-102
U Laser fluorimetry LA-925-106
Total Alpha - ~ Proportional counting LA-508-101
- Total Beta '
Bipy, PPy BiAm Alpha spectrometry LA-503-156
*Np Alpha proportional counting 1LA-933-141
Total Cations Inductively coupled plasma LA-505-151
*Sr Beta proportional counting LA-220-101
e Liquid scintillation LA-438-101
Se LA-365-132
uC LA-348-104
- - g LA-218-114
Pr ] Low energy gamma analysis LA-378-104
Y PNL-ALO-464
SNi Liquid scintillation PNL-ALO-474
"“Eu, "Eu, #Am, 'Cs, ®Co. | Gamma energy analysis___{  LA-548-121
NO,- _ Spectrophotometry LA-645-001
H+ ™ | pH - LA-212-103
As Graphite furnace atomic PNL-ALO-214
Se absorption PNL-ALG-215
- Py Isotopic —t Fusion PNL-ALO-423
L 7 mass spectrometry . 1 PNL-MA-597
Ulsotopic .. .l Mass spectrometry -~ - PNL-MA-397
uranium laser PNL-ALQ-445
J— - TOC Total organic carbon LA-344-105
' PNL-ALO-380
PNL-ALO-381
COy/C Total inorganic carbon LA-622-102
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Table 4-5. Analyticai Methods For Organic Analytes.

B -Analysis : -Method | Procedure Number
Volatile organic analysis Gas chromatography/mass PNL-ALQO-335
spectrometry
Semi-volatile organic analysis | Gas chromatography/mass PNL-ALQ-345
T ' spectrometry
_{ Extractable organic- halides - Microcoulometric uiration " | PNL-ALO-320.2
Total organic halides | Microcoulometric titration PNL-ALO-321

4.5.4 Segment-Level Analyses

The objectives of segment-ievel analyses are to provide (1) information as-a function-of depth
pertaining to the overall waste energetics (water content and chemical reactivity) and (2) the
particle size distribution and other general rheological information. To accomplish these
goals, the limited suite of analyses listed in Table 4-6 were performed on each homogenized
segment. These analyses were conducted using the analytical procedures identified in

Tables I5-1 and I5-2 of WHC-EP-0210, Rev. 3 (Hill et al. 1991). In addition, where
appropriate, the information obtained from the segment-level homogenization tests will be
used to enhance the interpretation of the data.

Table 4-6. Segment-Level Analysis.

Direct Acid dissolution*
Thermogravimetric analysis [ _Inductively coupled plasma
differential scanning calorimetry (metals)
Wt% H,0 gamma energy analysis (**’Cs)
particle size** total alpha

*Acid dissolution assays were performed on the homogenization test
segments.
**Particle size was done on non-homogenized segment material.
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5.0 ANALYTICAL RESULTS: TANK 241-T-111

5.1 CHEMICAL ANALYSES

5.1.1 Analytical Results: Inductively Coupled
Plasma-Atomic Emission Spectroscopy

_ Online_inter-element corrections were performed for matrix interferences. The ICP has a

built-in correction capability to adjust for moderate matrix interferences; however, there may
be performance degradation on samples containing weight-percent quantities of iron,
aluminum, or uranium. Corrections were made for moderate levels of aluminum, calcium,
chromium, and magnesium in the samples. Corrections were made for high iron
concentrations as well. Process or preparation blank values have not been subtracted from

- the results.. .In the water. digestion-and-liquid grab sample assays;-the single most prevalent

elF'mPnr is. SGdIJI“ by at least an order of magnitude. Relative percent differences (RPDs) for

~water digestion results were high for some analytes (i.e. above the 20 percent acceptance

_critenia), but there was no consistent trend observed between cores-31-and-33.

In the fusion assays, some elements can appear to be at high concentrations because of the
large dilution factors required for fusion samples. These high dilution factors propagate
errors. Those analytes actually may be present only in concentrations marginally above the

~ detection limit. For several analytes, higher quantitation was found in the acid digestion

results. For purposes of determining inventories and making comparisons, the highest
reliable average analytical result will be used between acid and fusion preparations.

In reviewing the data, a subtle bias or gradient was observed between the results for cores 31

--and.33,.with core 31 having slightly-higher values overall than core-33. Alihough not

readily discernable among the first tier analytes (sodium, bismuth, iron, and phosphorus), the
difference between cores 31 and 33 is more evident in the second tier analytes (aluminum,

lead, and magnesium). The RPDs between the individual core composite samples and their
rephcates were smal] suggesting that the gradient is real and not an analytical artifact,

,,segments used in the core 33 composites, but only eight segments in the core 31 composites

21

- -+ {segment 6 was-absent in-core 31}, Furthermore, sampie variability may contribute or be

-~

~whoily responsible for the observed difference.

~ RPDs for most-elements were within the 20-percent accepiance criteria for acid and fusion
results, and generally were less-than 10 percent for t e major analytes. Potential sample

contamination for boron and silicon exists because of the caustic nature of the samples and
the glass vials used to store the samples in the laboratory; however, silicon routinely
demonstrated a low bias. Calcium and magnesium for blank and spike recovery results may

assays. With the small sample sizes used in the assay, even trace amounts of powder have

~-have been biased high by the-pewder used on the analysis’ gloves when performing the
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- the potential to impact the analyses. Low spike recoveries were noted for several analytes

for differing reasons. Silver recoveries are commonly low because of the precipitation of

silver chloride in the sample digestion. Poor spike recoveries of iron, magnesium, and
calcium accompany high preparation blank results, but the overall correlation is poor. Spike
failures frequently are noted for major elements when the spike concentration is insignificant
compared to the analyte concentration in the waste matrix. Spike and standard results
outside the acceptance criteria for these analytes do not necessarily invalidate the sample
results for the ICP in general, or for those analytes in particular. Individual analyte failures
need to be evaluaied on a case by case basis. All of these behaviors could affect, and are
considered in the interpretation of the results.

The detection limit for each analyte is provided for comparison with the resuits to aid in
interpretation. Ail ICP analytes are reported in the data tables; however, those consistently

__..contributing significant (1.e generally greater-than approximately 0.2 weight percent) amounts

pH eie iy

~ow 0 the COmposition of the wasie mainx geéneraily are relevant to bulk characterization. The

LA I

fusion/acid ratio, which can be compared in the table, for most analytes indicates near total

- ~dissolution for the acid digestion assay. Average values for the analytes are reported to three
_ significant figures. The full range of ICP analytical results can be found in the full data

packages (McKinney et al. 1993). All reported concentration values are based on grams of
wet sample, unless otherwise specified. Table 5-1 provides ICP analyte concentration

... information on the core composites as a funchion of the sample preparation. Table 5-2

provides ICP analyte concentrations as a function of depth for Core 33. Table 5-3 compares
the water digestion core composite ICP values with the results from the grab sample.

Core 31

The most significant analytes measured by the water digestion of the core composite were
sodium and phosphorous (probably as a soluble phosphate), and sulfur (probably as a soluble
suifate). Much smaller amounts of iron, chromium, and silicon also were measured. RPDs
were elevated for these samples (between 10 and 20 percent), but were generally within the

.. .20-percent acceptance criteria. For analytes with results outside the acceptance criteria, no

clear trend between the two composites can be established. The water digestion result for
core 31, composite 1 had several analytes with high RPDs, many of which are significant
contributors to the waste: iron, lead, manganese, silver, bismuth, lanthanum, and strontium.

_ Core 31, composite 2-had few-analytes-with results outside the acceptance criteria; barium,

calcium, lead, and vanadium. All of the analytes noted are largely insoluble and that
characteristic probably is contributing to the observed variability.

The results from the acid digestion preparation of the core composite samples had sodium,
phosphorous, sulfur, calcium, chromium, iron, manganese, bismuth, and lanthanum as major
analytes. RPDs are very good in general for most of the major analytes (generally between 5
and 10 percent), well within the 20 percent acceptance criteria. Analytes outside the
acceptance criteria for core 31, composite 1 were antimony and boron (56 percent and

. 27 percent, respectively). However, neither of those analyies are substantial contributors to

the waste matrix, and for analytes near the detection limit, reproducibility is not expected.




I Table 5-1. ICP Cations. (4 pages)
- ~1 Acid-water | Fusion Prep Core 31 Core 31 - Core 33 Core 33
Acalyte digestion | digestion type comp. 1 comp. 2 comp. 1 comp. 2
Detection | Detection Average Average Average Average
limit limit concentration | concentration | concentration | concentration
ng/®) (ug/®) g/ (18/8) (sg/8) (u8/8)

Al " 2.4 " 'Water 6.71 10.3 15.5 11.0
B Acid 584 705 472 405
12.0 | Fusion 644 693 484 459

Ba 3 Water 0.305 0.416 0.547 0.516
’ : Acid | §7.0 - 64.5 66.8 §7.3
1.5 Fusion 58.8 60.6 65.4 73.7

Be 0.1 Water 0.10 0.10 0.10 0.10
Acid 0.105 0.097 0.117 0.104

0.5 Fusion 0.501 0.499 0.499 0.499
Cd .4 Water 0.40 0.40 0.4 0.4

Acid

7.86

372

2.0

Fusion

10.7

7.17

1,350

_ . 'GFAA: Graphite furnace atomic absorption

1,820

Lh
Led
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Table 5-1. ICP Cations. (4 pages)

Acid-water Fusion Prep Core 31 Core 31 Core 33 Core 33
Analyte digestion | digestion type comp. 1 comp. 2 comp. 1 comp. 2
Detection | Detection . Average Average Average Average
— — limit - limat - “concentration | concentration | concentration | concentration
(ng/) g/ (ng/® (wg/p) wg/® (ug/g)
Co 0.8 Water 0.8 0.825 0.821 0.825
Acid 34 7.16 1.13 2,91
4.0 | Fusion 101 10.8 133 11.8

Acid

Water

Acid 25.2 79.6 16.4 13.0

2.0 Fusion 36.3 34.2 22.1 24.6

Fe 1.0 Water 79.6 140 132 159
—-t- Acid --19,200 }--- 20,000 17,5000 17,300
5.0 | Fusion 20,500 19,600 15,900 16,100

Pb 6.2 Water 7.05 7.93 6.24 6.19

Acid 475 543 201 168

31.0 Fusion 440 484 267 269

Mg 0.3 Water 2.94 3.95 3.84 3.83

435 479 305 290

Fusion

Water

25.1

33.8

Acud

6,140

6,280

1.0 Fusion 6,380 . 5,940 6,220 6,590
Ny 1.7 , ) L7 17 1.7 1.7

- Water
Acid 151 157 110 108
Lo 85 T Fisien | NR. N *NR NR

Water 712 648
e ] Acd 1,100 1,210 1,210 1,020

56.0 Fusion NR NR NR NR

Se - 7.6 Water 7.6 8.01 7.58 7.59
Acid 7.98 7.4 10.3 7.79

1.5 GFAA 1.5 1.5 1.5 1.5

38.0 Fusion 38.0 37.9 38.0 38.0
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Acid 203 227 44.3 30
2.5 Fusion 214 221 39.5 37.1
Na 3.1 Water 34,000 35,000 30,800 32,000
S .} Acid - 37,600 38,700 35,000 36,300
15.5 Fusion 39,800 39,000 33,900 35,200
v 0.5 Water 0.5 0.707 0.5 0.8
Acid 12.7 21.4 13.9 .99
S o 2s Fusion 2.1 165 | 153 14.7
gﬁﬁ:ﬁ—-&——?
Acid 79.4 10t 44.2 35
1.5 Fusion 104 106 105 110
Bi 7.5 Water 115 191 231 270
Acid 23,600 23,300 28,500 28,400
_ 375 Fusion 20,900 20,100 26,500 26,700
B 0.6 B Water 3.31 3.19 5.54 4.25
Acid 27.1 23.4 29.4 32.2
3.0 | Fusion 10 2.99 4,84 4.84

WHC-EP-0806

Table 5-1. ICP Cations. (4 pages)
Acid-water | Fusion Prep Core 31 Core 31 Core 33 Core 33
Analyte L .
digestion | digestion type comp. 1 comp. 2 comp. 1 comp. 2
Detection | Detection Average Average Average Average
limit limit concentration | concentration | concentration | conceatration

Ag

L (g/d) | @D ug/) gD ) (ug/®)
) 0 Water 0.639 1.16 0.553 0.499

10.1

10.1

35.8

4,890

Acid 9,860 11,300
26— Fusion 11,600 11,100 9,070 9,910
m
Acid 482 a7l 528 394
" Fusion 5,840
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Table 5-1. ICP Cations. (4 pages)

- [ Acid-water | ~ Fusion Prep Core 31 Core 31 Core 33 Core 33
yte digestion |- digestion type comp. 1 comp. 2 comp. 1 comp. 2
____1 Detection | Detection -} Average—--{ Average [~ Aveérage Average
limit limit concentration | concentration | concentration | concentration
(ng/g) (ug/e) g/ kg/® (ng/g) (ug/g)
Sr 0.3 Water 1.21 2.13 2.18 2.34
Acid 282 280 305 334
1.5 Fusion 303 280 291 317
-+- 8 2.7 Water i,180 1,200 1,060 1,140
Acid 1,230 1,260 1,140 1,220
i3.5 " Fusion 1,350 1,310 1,080 1,160
Sn 1.6 Water 1.6 1.6 1.6 1.6
Acid 4.21 2.44 1.81 1.61
8.0 Fusion 8.01 7.98 7.99 7.99
Ti 0.4 Water 0.4 0.4 0.4 0.4
Acid 29.4 33 8.9 6.46
2.0 Fusion 72.9 72.4 22.3 24.1
1 Zr NR Water 0.8 0.799 0.798 0.798
Acid [ 0.84 1. 0778 0913 0.816
- NR Fusion 4.00 3.99 4.00 4.00
Hg 0.125 NR CVAA? 1.59 1.83 1.20 1.08

NR = Not reporied

Table 5-2. Tank 241-T-111 Core 33 ICP Selected Analyte Trending as a

. . ...Function.of Depth-(Acid -prep on segmenis).
¥ Segment Ca - or Fe Mn Ni Na ~ Bi La’ P Si s

(ng’g) (n8/8} (u8/s) kg/g) | wa'e) | Wi/} (g'g) (ug/8) (ug/g) we/e) | we/®)
1 4,800 [ 490 | 17.3007 [ 23,300 20 | 22,300 760 3 4,400 330 800
3 L1oo | 1200 ] 11,700 | 3.800 70 | 25,800 | 24.200 3,900 4,800 430 720
5 1,300 | 20000 | 16100 | 2800 90 | 32,000 | 33.400 5,100 9,100 400 1.100
7 1,100 | 2,506 [ 18,100 | 4,200 70 | 36.000 | 34,700 4,900 | 12,200 450 1.200
9 950 | 2,000 | 16,600 | 4,600 9% [ 40700 | 24,100 | 4200 | 15.300 450 1,400

‘CVAA: Cold vapor atomic absorption

5-6



WHC-EP-0806

—

Table 5-3. Grab Sample/Water Digestion Data--ICP Average Values.

o _1Grab sample avg.| Core 31, | . Core 31, Core 33, Core 33,
Analyte concentration comp. 1 comp. 2 comp. 1 comp. 2

o . (ug/g sample) | (ug/g sample) | (ug/g sample) | (ug/g sample) | (ug/g sample)
Ca < DL 51 62 66 68
Cr 230 210 230 220 210
Fe < DL. 80 140 130 160
Ni < DL. 15 25 25 34
Na 24,800 34,000 35,000 30,800 32,000
Bi < DL 120 190 230 270
La < DL 6 9 14 16
“|p 3,200 5,800 6,000 5,300 5,700
Si 60 440 560 670 620
S 750 | 1,200 1,200 1,100 1,100

< DL = below detection limit

marpmal at IQ 26 perr‘P_pT b]JL aCCemable

The silicon RPD is
Eor core 31, composue 2, cobalt, copper, silicon,

and tin were outside the acceptance criteria. Again, cobalt, copper, and tin were not

significant contributors to the waste, and thus have little influence on the interpretation of the
only clear trend for this assay is for stlicon. The variaiion observed for stlicon

“Was altnbuu:u to the solubility of the waste matrix (1.e. the waste is not completely

~solubilized by.the acid), -and therefore, the fusion results will be reviewed to quantitate

Hata The

_.511LCQn.7,BaS€d -on a ratio-of -the acid and -water digestion results, most of the analytes are not
g y

water soluble, except as noted earlier, however, approximately 10 percent of the chromium is
water soluble.

The results from the fusion preparation core composite had sodium, phosphorous, bismuth,

manganese, lanthanum, silicon, iror, calcium, and chromium as-major analytes. Nickel was
detected in substantial quantities, but the results are considered unreliable because of sample
contamination (the method uses a nickel crucible to perform the fusion), and nickel was not
- -detected. ip, significant-quantity in the-acid digestion assay. RPDs were quite low, generally

~ analyte with an RPD outside the ac:ceptance criteria for core 31, composite 1 was cadmium,

which 1s not a large contributor to the waste and is near the detection limit. The only
analytes with excessive RPDs for core 31, composite 2 were cadmium and nickel. Both of
these analytes have problems associated with them that make these results suspect for this test
-.method. (proximity to-the detection- limit-for cadmium and cross-contamination from the
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crucible for nickel). Comparisons with the acid digestion results indicate that the samples
were well dissolved by the acid preparation, but in some cases, and with silicon especially,

smamlizes

- - the fusion dissolution was necessary o obtain reliabie, quantitative results for the analyte.

Core 33

sulfate) were the most significant analytes measured by the water digestion of the core
composite. Much smaller amounts of iron, chromium, and silicon were the other main
analytes. RPDs were elevated for these samples (between 10 and 20 percent), but generally
were within the 20 percent acceptance criteria. For analytes with results outside the
acceptance criteria, no clear trend between the two composites or between cores can be
established firmly, but there was some correspondence between the cores and their respective
composites (i.e. there was some agreement between cores 31 and 33 composite I, etc.), but
the connection was quite tenuous. The water digestion result for core 33, composite 1 had
several analytes with high RPDs, many of which are significant contributors to the waste.
These analytes are aluminum, barium, iron, manganese, bismuth, and lanthanum. For core
33, composite 2, only calcium and vanadium were outside the acceptance criteria. The
degree of variability observed for this particular sample preparation is not unexpected. Most
of these analytes probably are in a form that is not readily water soluble and, depending on

the sample matrix exposure to the solution media, substantial differences may be observed.

Sodium, phosphorus {probably as 2 soluble phosphate), and sulfur (probably as a soluble

- The resuits from the acid digestion preparation of the core composite samples are quite
_similar to core 31. They had sodium, phosphorous, sulfur, calcium, chromium, iron,

manganese, bismuth, and lanthanum as major analytes, the RPDs decline significantly in
comparison to the water digestion results, both in the number of analytes outside the
acceptance criteria and the overall magnitude of the RPDs themselves. The RPDs are very
good in general for most of the major analytes (between 5 percent and 10 percent), well
within the 20 percent acceptance criteria. Analyies outside the acceptance criteria for

core 33, composite 1 were antimony and selenium (88.5 percent and 33.0 percent,
respectively). For core 33, composite 2, antimony and silicon were outside the acceptance
criteria (31.2 percent and 48.7 percent, ,respectx_v,ely) The results for antimony and selenium
are not surprising. They are not far above their respective detection limits and neither is a
substantial contributor to the waste matrix. The silicon RPD result is not unexpected,
because the waste has solubility properties that make it resistant to acid digestion, making
this assay marginal at best. Based on a ratio of the acid and water digestion results, most of
the analytes are not water soluble, except as noted earlier; however, approximately 10
percent of the chromium is water soluble. In this case, for several analytes, some
consistency is seen between composite replicates and cores. As noted earlier, core 33 sample

- results are, in several-cases, about-25 percent or more lower than core 31. Significant

changes in analyte concentration were observed in the ICP acid digestion results as a function
of depth for core 33. The results are shown in Table 5-2. The changes observed for some
analytes are notable, ranging from factors of 3 and 4 for calcium, chromium, and
phosphorous to orders of magnitude for manganese, bismuth, and lanthanum. These swings
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__in concentration suggest the waste is heterogenous on a tank-wide scale and that the waste in
the tank 1s layered.

Properties and major analytes for the fusion digestion results are similar to core 31, however
the differences observed between the analytical resuits of cores 31 and 33 become much less
consisieni with this group of assay resuits. RPDs were generally low, less than 12 percent,
with most analyte results substantially less than that. Antimony, calcium, and boron had
. ......RPDs outside-the acceptance criteria for cere 33, composite 1. In core 33, composite 2,
~ cobalt and nickel, which are not large contributors to the waste, had RPDs outside the
- acceptance level and antimony, boron, and cobalt are near their respective detection limits.
evome - —-Several of these-analytes have problems associated with-ilem that make these resulis suspect
_for this test method. However, the variation seen for calcium is not expected and there is no
. _reason for its behavior. In this case, no consistency was observed between composites or
- ..cores, except for nickel in -cores-31 and 33; composite 2;-and the nickel resulis for this test
method are suspect.

5.1.2 Analytical Results—-Anion Assays

Core 31 Ion Chromatography Results:

Major anions detected are NO; and PO,*, with smalier, but still substantial amounts of F
--——- --- and SO,2 -Nitrite and chloride are minor contributors to the waste. Indeed, the IC resuits
for nitrite are considered an estimated result; however, the magnitude and range of
___concentration is confirmed by a spectrophotometric analysis. All RPDs for quantitated
results are well within the 20 percent acceptance criteria, and generally are less than
10 percent. Compansons of phosphorous and sulfur water-digestion ICP results with
~ - lon-chromatography results for PO.* and SO, give good agreement (RPDs are less than
10 percent) and show that phosphorous is about 48 to 56 percent soluble (as phosphate) and
sulfur 1s about 90 to 100 percent soluble (as sulfate). Table 5-4 illustrates the comparison
between the water digestion ICP and IC results, and the relationship to the total amount of
phosphorous and sulfur in the matrix. Table 5-5 presents the summary results for the IC
~analytes and other anions;

Core 33 Ion Chromatography Results:

Major analytes were the same as those found in core 31. RPDs for the minor analytes, F,
Cl', and NO,, were much higher in composite 1 than in composite 2, or in either of

- core 31's composites, exceeding 15 percent; -but-within the-26 percent acceptance criteria.

- Core 33, composite 2 had superior RPDs, all were less than 8 percent. Comparison of the
phosphorous and sulfur water-digestion ICP results with IC for PQ,* and SQ,? gives pood
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Table 5-4. Comparison of Ion Chromatography and Water Digestion ICP Results for
' Selected Analytes.

PO SO,?

_ . PO*> : SO,? PO,* S0O,?
Sample ID Con{cen;:n:uon RPD Confefganon RPD| Solubility* | Solubility*
. o AnL/g) e i ViB/E
G- @CRW 1 7TEC) [ GCPw) T 1 @G jACPw) | dc) | acP.w)

Core 31-C1 {16,200} 17,300 | 6.7 |3,690| 3,570 {-3.3(50.8] 54.2 |100.4{ 97.1

Core 31-C2 | 17,400 17,900 | 2.8 (3,740 3,600 |-3.7[54.5{ 56.1 {101.8| 97.9

Core 33-C1 | 13,600 15,900 |16.9|3,290| 3,420 [-3.3{42.6]| 49.8 | 89.5 | 93.1
~1Core 33-C2 | 15,100 17,100 {13.2{3,470| 3,660 |-1.4[47.3| 53.6 | 94.4 | 99.6

*Solubility is a ratio of the IC/ICP.w resuit to 31,900 ug/g PO,* and 3,675 ug/g
SO,*, the tank average of the converted fusion results
ICP.w = Notation for ICP water digestion result

. Table 5-5.-.Anion Results--Composite Data (water leach).

Analyte D‘:'ltien?lﬁon Core 31 Core 33 sa?nr;?e

(ug/e) (ng/g) (ug/g) (ugl)

Composite 1 éomposite 2 | Composite | C;)mposite 2 Average
[NOy 100 44,300 | 43,800 36,900 40,100 30,300
(PO | 100 16,200 | 17,400 | 13,600 | 15,100 8,400
SOx . 1100 __. 3,690 3,740 3,290 3,470 2,900
—€r 10 470 497 401 432 490
F o 3,090 3,130 1,370 1,630 2,100
NO, 50 952 525 878 817 | 1,320 (IC)
TOC® 4500 -~~~ 3490 ;- 3,990 | 2,000 | 3,000 420
JTICT. 1500 - 1 6501 - 824 823 950 670
Free OH |NM NM NM NM NM 3,000
[pH™ NA 10.18 9.93 10.05 9.77 11.65
NH,/ 4,500 < DL < DL < DL < DL 400

NH,* *
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Table 5-5. Anion Results--Composite Data (water leach).

Analyte Delecton Core 31 Core 33 sa?n’;i’c
(ug/g) (ug/e) (ug/g) (ug/g)
Composite 1 | Composite 2 | Composité 1 { Composite 2 Average
Direct 5 < DL < DL < DL < DL < DL
Cyanide'

NM = No measurement

< DL = Below detection limit

NA = Not applicable

Note: All IC results are obtained from a water leach preparation and are
- renorted on a wet hacig -

LS UL

“Direct Cyanide, NH,/NH,*, pH, total organic carbon (TOC), and total
inorganic carbon (TIC) are not IC analyses, but are grouped with the anions for

convenience. NO, results reported are from spectrophotomem'c methods.

At

_the 222-§ 4&0;&;0§+$3CL and TIC assavs were done on- water digested
‘samples. When 325 performed segment level assays for these analytes, they did

them on direct solid samples.

agreement, however, phosphorous shows a higher, but still acceptable variability, with RPDs
of 13 to 17 percent, than sulfur as SO,%, with RPDs of -1.4 to -3.3. Phosphorous is
approximately 50 percent soluble as phosphate whereas sulfur as sulfate is almost entirely

soluble.

ioact on ICP ~

imwdbivs}

and IC results,

"‘and the relauonsmp to the total amount of phosphorous and sulfur in the buik tank matrix.

‘Note the ICP results are converted to phosphate and sulfate for comparison.

Core 31 and 33 Additional Anion Results;

« Nitnte, as determined from spectrophotometry, has good agreement between

composites and acceptabie RPDs.
agree well also.

=TT

€ pH of the solids is measured using a water dilution of a solids aliquot.

Concentrations between cores are observed to

The

pH of the mixture is measured and reported. The results for tank 241-T-111
‘waste from this method are consistent,

--— - limited-utility because the sample preparauon and assays only marginally
--- represent. the

condition 1Ju the tank, -

Py |

lr‘IP nH ac
Id

ung’mgfrem 9.8

A4 ad

Qea 1IN
(LW Iy § VN

5, but are of

determined from a grab sample

. taken in 1994 (see Appendix C) is-between 11:5 and 1.8, and is considered
more reliable and more representative of the waste tank conditions.
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« Ammonia/ammonium results for the solids were all below the detection limit for
the method. This is not unexpected. Over time, ammonia probably was slowly

..... - -released to-the-vapor space and removed by passive ventilation. A small amount
of this analyte remains in the liquids, but the liquid is being removed.

o Total organic carbon (TOC) results indicate a substantial difference between
cores 31 and 33 (core 31’s TOC concentration is 33 percent higher than
core 33’s), but results for the individual core composites are very consistent.
Core 31 composite 1 and composite 2 RPDs are negligible. Core 33,
composite 1 and composite 2 RPDs are low, well within the acceptance criteria,

but noticeable.

o Total inorganic carbon (TIC) results were a factor of three to four times lower
than the TOC results and were near the detection limit. Therefore, they are not
considered wholly reliable, however the results did provide acceptable
reproducibility. TOC results are also considered questionable, especially when

-conirasted with the calorimetry results from segment-level data from both cores
(segments 1-3 particularly), and a furnace oxidation value of 4.1 weight percent
(dry), for core 33, segment 2 (Baldwin 1994).

The gradient observed in the ICP results remains noticeable for the anions, especially for
TOC and F, but the overall effect is much less pronounced. This effect is expected and
ascribed to the nature of the assay (i.e. water digestion assay results for soluble analytes in a
mostly water matnx are expected to be reasonably homogeneous). TOC and F probably are
present in insoluble forms, and thus are not as amenable to detection and are more likely fo
exhibit variations in concentration.

5.2 ANALYTICAL RESULTS--RADIOCHEMISTRY

5.2.1 Radiochemistry Assays--General Comments

Analyses appear to be consistent. Total beta measurements calculated using **Co detector
efficiencies are largely in agreement with the sum of the major beta emitters, *SrY and ¥’Cs
[i.e. beta emission values must be adjusted by 1.42 and 1.51, respectively, the ratio of *SrY
and 'Cs to “*Co detector efficiencies (Winters 1991)]. However, the total alpha values
show only marginal agreement with the sum of the neptunium, plutonium, and
americium/curium values. This behavior was attributed to the low activity of the samples

___and a recently discovered equipment problem.- Technicians-at the 222-S Laboratory

identified an electronic problem with their alpha detection system involving the degree of
discrimination between beta and alpha emissions. These two conditions are thought to
contribute to the observed high bias of the total alpha measurements. Detection and

quantitation of '*’Cs and most other radionuclides was based on the presumed ability of the
fusion sample preparation to completely dissolve the waste. Water preparation samples were
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- --done on-selected analytes as direcied in the test plan. GEA measurements show good

- Am-does-not appear to be affected. Review of the segment-level homogenization data for

agreement with alpha energy analysis for *!Am. . GEA analytical values are not corrected to
account for decay, however most of the radionuclides present are long-lived enough and low
enough in concentration so that any correction at this point would be modest.

5.2.2 Gamma Energy Analysis Results

- The GEA data-frem the replicate samples of the core composites for cores 31 and 33

prepared by caustic fusion agree reasonably well with each other (RPDs generally were
within 10 percent). However, there is a discernable gradient between cores 31 and 33 for

iCs. This follows the general pattern observed for several other analytes, but in this case

core 33 indicates that in general, the *'Cs content is lowest in the bottom segments and
highest in the upper segments, increasing in concentration from bottom to top. This behavior
indicates that the '*’Cs is concentrated in the upper portion of the tank. However, the overall
radionuclide content of tank 241-T-111 is extremely low. The »Eu and '"*Eu content is

_ above the detection limits only in segments.1 and 3, suggesting that these isotopes are in the

TY -

- —upper portions of cores 31 and 33. However because of the limited segment level data, too

many f'onclusmns should not be drawn from these obserVations Grab sample results for
that the radionuclides, **’Cs in particular, are very insoluble. Agreement between the same
top and bottom aliquots in the homogenization check samples prepared by acid digestion
were very good for analytes above the detection limit, with RPDs generally less than

10 percent and usually much less than that; indicating sample homogeneity and/or relatively

cgmnlpte digenlitinn
COomIneC CIREULIUN.

~5.2.3 Total Alpha Analysis and Uranium Assay

_Total alpha, plufonu_m #'Np, *Am, and *Cm-analyses were-performed on the fusion
~ prepared samples of the core composites and selec[ed assays were done on the liquid grab

sample. Total alpha measurements were also performed on the homogenization check
samples from segments 1, 3, 5, 7, and 9 from core 33. The total alpha activity was
determined by drying a small ahquot of prepared sample on a counting plate and assayed

~ with an alpha proportional counter. The plutonium and americium fractions were separated

Py |
J;:y SQ'VEF' CKU’&CHOI‘. or ion exchanﬁe anda \nnl[a_rlv counted

n

--The plutontum analyses are reported as total aipha ****°Pu. The process blank was two to

three orders of magnitude lower that the samples, indicating little contamination occurred

“during sample preparation. The total alpha concentration frequently tends to be somewhat

lower than the sum of the individual alpha emitters. The difference is probably caused by
absorption by the salt residue on the counting mounts. However, in this case, substantial

- differences are.observed-between the total alpha measuremenis and the sum of the individual

alpha emitters. The total alpha emissions are believed to be lower than the measurement

LN
[

—
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indicates because of a bias caused by beta emissions confounding the detector. The activity
was not sufficient to provide accurate readings. Furthermore, analyses from PNL indicate a
potential low bias for plutonium in the samples. The degree of discrepancy ranges from over
a factor of two to nearly a factor of five. This degree of disagreement warrants further
attention. Isotope content was determined by thermal-ionization mass spectroscopy. Little
variation in the plutonium isotopic composition was observed between cores. Total alpha

- ----- measurements vary widely as a function of depth, but exhibit a general decreasing trend the
deeper the sampies are in the waste. Segment 5 was an exception to this trend. The
anomalous total alpha reading in segment 5 may be indicative of a process upset or change in
waste management operations, such as the 5-6 waste that Anderson (1990) notes was
co-mingled with the 2C waste in 1952.

Uranium measurements were obtained from laser fluorimetry of the fusion-prepared sample

from the two core composiies and their replicates. The assays show good agreement between

duplicates for each individual core composite, but there is not good agreement between the

~_core 31 and 33 repiicates. Additionally, the gradient observed in the other assays is not

. evident here.. Furthermore, analyses from PNL indicate a potential low bias for uranium in
the samples. The degree of discrepancy is nearly a factor of two for corresponding samples,
and thus warrants further study. Differences in concentration as a function of the water
content of the samples is not deemed to be an issue because the additional characterization
work done in resolving the energetics question indicates that little or no water is lost while

- -------between the two assays was small in comparison to the half-lifes involved. . No general trend

of the uranium concentration as a function of depth can be established because there is no
segment-level data for this analyte.

5.2.4 Total Beta

Total beta, *°Sr, and *Tc analyses were performed on the liquid grab sample and fusion
prepared samples of the core composites. The total beta activity was determined by drying a
smali aliquot of prepared sample on a planchet and assaying it with a beta proportional

. counter. . The *Sr fraction was separated by solvent extraction or ion exchange and counted.
The *Tc fraction was separated similarly, but assayed using liquid scintillation, There
generally is good agreement (RPDs were less than 10 percent) between duplicates, and

samples, again indicating little contamination from preparation in the hot cell. Most of the
beta activity in the tank samples is from *SrY and *’Cs. There is also a trace of ®*Tc. The
%SrY, ¥Tc, and **'Cs data are consistent between the fusion core composites and their

1. - - 1 A

repiicates, but in this case the gradient between cores 31 and 33 is observed for *Sr and
#7Cs. There is no data to determine if **Sr content varies as a function of depth.
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Tables 5-6, 5-7, 5-8, and 5-9 show the average radionuclide concentrations found in the core
~_composite samples.  Table 3-10 shows average fission product concentration and total alpha
concentrations as a function of depth.

Table 5-6. Consolidated Radionuclide Concentration Results for 241-T-111.

- Analyte - [ - Core 31, Core 31, Core 33, Core 33,
method Detection limit | composite 1 | composite 2 | composite 1 | composite 2
GEA analytes (uCi/g) uCilg) (uCi/g) (uCi/g) (xCi/g)
T 8Cof| (L =407E09) | < DL < DL < DL < DL
~BCg f| (L =3.70E04) | 0.211 0.237 0.114 0.103
14Ey.f| L = 1.20E-03) | 0.00108 0.00324 < DL < DL
®Eu.f| (DL = 5.95E-04) < DL < DL 0.00307 < DL
- MAm.f| @L= 114804 | 0.0459 | 0.0409__| 0.0387 _| - 0.0443
Beta emitters
Total beta.f| (DL = 9.35E-02) 20.6 21.5 9.59 8.83
Total beta Calculated 20.7 21.5 10.5 9.9
~ H.w | OL=31808 | < DL < DL < DL < DL
BC.w | L =225604 | < DL < DL < DL < DL
%Nij.a| (DL=4.00E-06) | 8.3E-05 3.33E-05 | 4.44E-05 | 4.07E-05
$!Nj.a| (DL= 4.00E-06) 0.0093 | 0.00358 0.00545 0.00459
Se.f| (DL = 1.40E-09 < DL < DL <DL < DL
%Sr.f{ (DL = 2.15E-03) 7.16 7.43 3.65 3.43
“Tc.f| (DL = 4.60E-03) | 0.00514 | 0.00473 0.0114 0.0104
29 £1 (DL = 6.40E-03) < DL < DL < DL < DL
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Table 5-6. Consolidated Radionuclide Concentration Results for 241-T-111.

Analyte Core 31, Core 31, Core 33, Core 33,
method Detection limit | composite 1 | composite 2 | composite 1 | composite 2
Uranium and
transuranics 7 7 7 7 7
Total U.f| (DL = 3.40E-02) 2,180 3,880 3,180 1,950
(ug/g)
(325) 4,000 5,200 4,500 3,500
Total alpha.f| (DL = 7.01E-03) 0.358 0.359 0.377 0.379
. __ Total alpha | Calculated (Range) | (.179-0.669 | 0.179-0.608 1 0.172-0.357; 0.195-0.416
¥Np.f | (DL = 3.40E-02) < DL < DL < DL < DL
- B8py.f | (DL = 1.00E-02) < DL < DL < DL < DL
#9230py, f | (DL = 3.50E-03) 0.138 0.136 0.134 0.147
(325) 0.628 0.565 0.319 0.368
Am.f | ©OL = 3.00E-03) 0.0414 0.0431 0.0382 0.0478
#Cm.f - OL = Nat < DL < DL "< DL < DL
Reported)
< DL = below detection limit
Analyte.f = fusion digestion
Analyte.a = acid digestion
Analyte.w = water digestion
Total beta calculated determined by:
1.42 (2)(*°Sr) + 1.51 (*'Cs)
Total alpha caiculated determined by:
239:’240PU + 2“Am
- - Tapie 5-7. Core Composite Uranium.
Core number | Ur 222-5) | Un (325) ] =y
T - (ug/g) ~ (ug/g) | mass percent | mass percent
Core 31, composite 1 . _._.2,180 4,000 99.3074 —-0.6755
Core 31, composite 2 3,880 5,200 99.3098 0.6761
Core 33, composite I | . 3,180 4 500 09.3125 0.6761
Core 33, composite 2 1,950 3,500 99.3161 0.6717

FL = Uranium measurement by laser fluorimetry.
222-S Assay date: 4/92

325 Assay

/09

date: 9/92
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Table 5-8. Plutonium Concentration and Isotopic Distribution.

- 1~ . | TotalPu | Total Pu } **Pu 2Py #py 24ipy w2py,
Core number | o (222-S) | o (325) mass mass mass mass mass
N (uCi/g) | (uCifg) | percent | percent | percent | percent | percent
Core 31, C1 . 0.138 0.628 0.005 | 96.7199 | 3.2109 | 0.0352 | 0.0151
-- -} Core 31, C2 0.136 0.565 0.0105 | 96.6351 | 3.2834 | 0.0496 | 0.0215
~ - [Core33,Ct | 0.13¢- | 0319 | 0.004. | 96.7540 |- 3.1046 | 0.1071 | 0.0683
,,,,,, __ICore 33, C2 0.147 0.368 0.0105 | 96.5499 | 3.3436 | 0.0621 | 0.0337
222-8 Assay date: 4/92 Cl = Composite 1 T
325 Assay date: 9/92 C2 = Composite 2
Table 5-9. Radiochemical Analyses of Grab Sample.
Average concentration | Average concentration
) Analyte (wCi/mL) (uCi/g)’
%081~ (.001 0.001
¥Cs 0.090 0.087
_‘ 19240py 6.83E-05 6.58E-05
Total Alpha 0.0024 0.0023
Total Beta __ ]0.233 0.224
'Density of 1.036 g/mL used for conversion.
. - Table-3-10.. Tank 241-T-111 Core 33 Radionuclide
An aJyte Trending as a Function of Depth
(Acid prep on segments).
Segment 1Cs *Eu Eu | ®Am | %Co | Total alpha
(uCifg) | (uCi/g) | (uCi/g) (uCi/g) | (uCilg) |  (uCi/g)
1 0.403 0.02] 0.027 | 0.138 | 0.006 0.649
3 0.140 9.05E-04 | 0.002 | 0.014 | 0.0005 0.166
5 0.088 < DL < DL { 0.020 | < DL 0.527
7 -0.023 |- <DL | < BL {-0:014 | 0.0005 0.350
9 0.013 <DL | <DL} 0050 | <DL 0.262

L'-ﬂ
—
~l




. . Approximate Liquid Approximate
Core | Segment | Solid sample | Liquid sample : sample :
noumber! number . ace ol —L o rmace (o) solid sample solid sample
number{ number mass—{g) [T mass(g) | .o i ooz volume . .
: . e voluime (mp) (mL) iength
U3t o1 18.74 45.26 | Not Recorded | ~50 |Not Resolved
31 2 178.68 4.12 150 NA |15in. (38 cm)
31 3 162.2 NA 177 NA [18 in. (46 cm)
31 4 153.47 NA 148 NA |15in. (38 cm)
31 5 190.94 NA 187 NA |19 in. (48 cm)
31 6 0 NA . 0 NA |No Sample
31 7 186.44 NA 177 NA |18in. (46 cm)
3i 8 186.44 NA 187 NA [19in. (48 cm)
31 9 203.08 NA 187 NA |19in. (48 cm)

WHC-EP-0806

5.3 TANK 241-T-111 CORE SAMPLE RHEOLOGICAL/
PHYSICAL MEASUREMENTS

Physical and rheological assays consume substantial quantities of material. Tables 5-11 and

----5-12 provide a breakdown of the total amount of sample available at the outset of the

analylical effort. Figure 5-1 shows the location where the core samples were taken and the

waste depth. Measurements of physical characteristics such as shear strength, viscosity,

__particle size, and settling properties were taken... These measurements are necessary for the

design and fabrication of retrieval, pretreatment, and final waste disposal systems.
Rheological assays were performed on samples from core 31, segments 2, 4, and 8. Particle
size measurements were done on each segment of core 31. The data from segment 4 is not
considered valid for these assays because it had dried before the measurements were taken.
The drying process irreversibly changed the physical properties of the sample under
investigation, and thus the sample is not considered representative. Therefore, the results
from most of these assays will not be presented. However, in some cases it is useful to
compare and contrast ihe results from the “representative” samples with the samples that
dried.

Table 5-11. Tank 241-T-111 Core Sample Description Summary.
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Figure 5-1. Current Condition of Tank 241-T-111.
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Table 5-12. Tank 241-T-111 Core Sample Description Summary.

Core | Segment || pole | e | Soid sample [ Li0ud samale) 702
RUMDET | MUMOST | s (g) { mass (g) | volume (mL) length
33 | 1 15816 | O _ | 137 NA 14 in. (36 cm)
33 2 209.59 0 187 NA 19 in. (48 cm)
33 3 |167.9 0 163 NA 16 in. (41 cm)
33 4 [182.05 0 167 NA 16 in, (41 cm)
33 5 [174.3 0 167 NA 17 in. (43 cm)
"33 | 6 _ 121737 L 0| 187 NA |19 in. (48 cm)
33 7 1196.91 0 187 NA  [19in. (48 cm)
33 8 |199.8 0 187 NA 19 in. (48 cm)
33 9  [191.01 0 187 NA 19 in. (48 cm)

The shear strength of the waste from tank 241-T-111 was measured on the unhomogenized

segment samples from core 31 (segments 2, 4, and 8). The shear strength measurements

were made at ambient temperatures using a shear vane connected to a viscometer and rotated

at 0.3 rpm. Shear strength (7, is a semiquantitative measurement of the force required to

- -move the sample. Because shear strength is dependent on sample handling, the measurement
was taken without any sample homogenization. Small aliquots from the segments 2, 4, and 8

.. from core 31 were taken-and assayed.--The aliquots were transferred to a sample jar and
allowed to settle for several weeks so that they could recover from the disturbance of
sampling and extrusion. The extended delay between sample and analysis was permitted
because it is believed that the longer the sample sits undisturbed, the closer it will resembie
its original condition; therefore, the shear measurement is likely to be more representative.
The shear stress (S,) of the sample was recorded as a function of time and the shear strength
was calculated using Equation 1.

_ [%t/100]=S_=4.9E+05

2 3
ntsz*Dv . n*éDv )
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where
s - — %2100 - -=- - The ratio of he ioial-iorque to the maximum torque of the
viscometer head, measured as a percentage of the full scale on the

,,,,,,,,,,,,,,, _ plot of the shear stress versus time diagram (dimensionless)

S, =  Instrument reading proportional to the torque (dimensionless)

4.9E+05 =  maximum torque of the viscometer head (dyne®cm)

H. - = .—-ghear-vane height (0.635 cm)

D, =  shear vane diameter (0.635 cm)

The shear strength for segments 2 and 8 were found to range 5,000 + 2,300 dynes/cm?.

Segment 4 is not reported because of sample drying. Although relatively low, the shear

stress of the material exceeded the baseline value for the measurement system

(200 dynes/cm?). Therefore, the values are considered to be valid and representative, Some
___additional drying of the sample may have occurred during the settling-time; causing the shear
_..stress to be higher than expected.

__5,3.2 Shear Stress and Viscosity as Functigns of Shear Rate

Shear stress measurements as functions of shear rate, were performed on the as-received,
I-to-1 and 3 to 1 water to-sample dilution of the sample at amblent hot-cell

temperatures [ranging from 27 t0 34 °C (81.10 93 °F)} .and at 95 °C-(203- °F).-Drying the
as-received sampie at 95 °C posed difficulties in measurement; therefore no results of the
rheograms for the samples run under those conditions are presented. In addition, the results
from segment 4 are not presented because the drying that occurred compromised the sample

properties, as discussed previously.

A rheogram for a material with a yield stress has two sections. The first section is a straight
--—-line beginning-at the origin and climbing up the ordinate. This portion of the rheogram
records the material as it acts like a solid or gel. When sufficient force is applied to the
— - - material to make it yield, the rheogram breaks sharply to the right; recording the material’s
______behavior as a fluid. The point on the rheogram at which the sample’s behavior transfers
from a solid or gel to a fluid is the yield point or yield stress. This minimum shear stress
must be exceeded to initiate fluid behavior. The tank wastes demonstrate both elastic and
__plastic behavior, depending on the amount of shear acting on them. The samples are elastic
under low ?near conditions (iess than 50 s), and plastic under high shear conditions (greater
than 300 s™). '

Viscosity measurements as a function of shear rate for the 1 to 1 diluted samples had
viscosities near the limits of detection of the system (2 cP) for over the broad range of shear
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__rates;. however,-some gualitative-and guantitative-information-was-obtained from the
measurement trials. Even though the measurements were at the limits of detection, the
qualitative and quantitative behavior was consistent and reproducible. Viscosity was
observed to increase slightly, then decrease with increasing shear rates. The 1 to 1 dilution

_of the segment 2 and segment. 8 samples. exhibited tendencies toward yield-pseudoplastic
behavior. In fact, the general behavior exhibited by the wastes is best described by a
yield-pseudoplastic model, however the system was not modeled and empirical model
parameters were not determined because the system was at the detection limits. No other
measurements of the viscosity as a function of shear rate were made on the 1 to 1 dilution
samples at 95 °C (203 °F) or the 3 to 1 dilution samples.

-~ Figures 5-2-to. 5-6 are general illustrations of the rheograms. They are not to scale and do
not fully capture all of the nuances and detail that is contained in each measurement trial.
However, when coupled with the description underneath each diagram, much insight can be
obtained about the flow properties of the waste. If more detailed rheological information is

" required, the data package should be consulted. Note that in the figures, Point A is where
_ the sample begins to register movement. .. Point B represents the behavior of the sample at the

maximum shear rate of the viscometer.
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— - Figure 5-2. Shear Stress as a Function of Shear Rate: Direct Sample.

Shear Stress
T (Pa)

A = Yield Stress

B
I Elastic Behavior Plastic Behavior
e Region {<505") Region { > 300 s1)

Shear Rate (s°1)

Shear Stress as a Function of Shear Rate: Direct Sample.

Sample: | Sample | Temperature PO’_TtAr;:;:r _ Qualitative behavior hPointtB
| core 31 7| number (°C eSS of rheogr: Shedr stress
| (°C) (Pa) rheogram (P2)
Segment 2| 80701 34 88 - 220 Wide variation at low 165
R , : shear, converging to a
I § _,,,_'4 ' . ) ’ * [single value at high shear.

Segment 2| 80703 33 —200-680. |Same 70
Segment 8/ 123201 33 36 - 108  [Same 77
~ ... |Segment 8] 123202 33 | 0-108 |(same 50
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Figure 5-3. Shear Stress as a Function of Shear Rate: 1 to 1 Dilution, Water to Sample.

Shear Stress
(Pa)

A = Yield Stress

oL

Elastic Behavior
Region (<50 s1)

__ . Plastic Behavior

Region { > 300 s1)

Shear Rate (s1)

Shear Stress as a Function of Shear Rate: 1 to I Dilution, Water to Sample.

Sampléim Temperature Point A Qualitative behavior Pount B
core 31 | number (°0) shear stress of rheogram shear
range (Pa) stress (Pa)
Segment 2 1 27 0.6 - 4.2 [ Wide vanation at low shear, 2.4
converging to a single value at
high shear.
[Segment 2]~ 2 - 27 1.2 - -{Linear 2.8
Segment 2 95 1.0 - 7.0 |Wide variation at low shear, 2.0
converging to a single value at
high shear,
Segment 2 4 95 0.7 - 1.1 |Linear 1.2-14
Segment 2 5 95 1.0 - 2.4 [Linear 2.2
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Figure 5-4. Shear Stress as a Function of Shear Rate: 1 to 1 Dilution, Water to Sample.

Shear Stress
(Pa)

o ° Shear Rate (s1) 500
Shear Stress as a Function of Shear Rate: 1 to 1 Dilution, Water to Sample

Sampl: | Sample | Temperaure | 0P | Qualitivebetavior | SR
sy core 31 number (°C) (Pa) of rheogram (Pa)
— Segment 8| 1 27 0.4 - 0.6__ |Linear : - 2.8
Segment 8] 2 27 0.6 Linear 2.8
Segment 8 3 95 0.6 Linear 2.0
|Segment 8] 4 95 ~ 2.0-5.0 |Erratic, non-linear 2.0

. [Segment 8] 5 93 0.2 Linear 107-09
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Figure 5-5. Shear Stress as a Function of Shear Rate: 3 to 1 Dilution, Water to Sample.

Shear Stress
(Pa)

Shear Rate (s*1) 500

Shear Stress as a Function of Shear Rate: 3 to | Dilution, Water to Sample.

iimp;e: Sample Tempoerature P;::_ZZSAr:S;I Qualitative behavior sh:;)rinsttrzss
re 31 | number (°C) (Pa) of rheogram (Pa)
Segment 2 1 27 0.05 - 0.25 |Linear 0.75 - 1.1
Segment 2 2 27 ¢ 0.2-0.35 |[Linear 1.2
Segment2 | .3 95 0.2 Linear 0.8
Segment 2 4 95 0.3 Linear 1.0
Segment 8 3 95 Not defined |Erratic, non-linear 0.4
. 1Segment 8 4 95 ~ 03 Linear 1.0
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Figure 5-6. Viscosity as a Function of Time: 1 to 1 Dilution, Water to Sample.

Viscosity
{mPa}

I»

0
. L Time {seconds) 130
Viscosity as a Function of Shear Rate: 1 to 1 Dilution, Water to Sample
Sample: Sample | Temperature P_’omt .A Qualitative description i"omt‘B I?omt .C
core 31 | number (°C) - viscosity | © -of rheogram VISCOSIty 1 VISCOSIty
qocore st rember | (mpa) g | (mPa) | (mPa)
Segment 2 1 30 0.6 Rises, levels off, then 1.8- |1.5-1.7
' S - - gradually deciines 2.0
Segment 2 -~ 2 30 0.56 ° |Slightly sinusoidal 0.6 0.6
Segment2 | 3 30 0.80 [|Rises, levels off, then 1.0 0.9
gradually declines
Segment 8 3 30 0.75  |Flattened exponential 1.0 0.75
' ' N growth and decay curve
1Segment 8 4. - 30 0.85 - - |Flattened-exporential” | - 0.95 0.9
growth and decay curve
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5.3.3 Particle Size Measurement

Particle size is analyzed by placing a small amount of sample in a dispersant, which is the
liquid used to disperse and suspend the particles from the solid sample. Samples from each
segment of core 31 were prepared and assayed. The prepared sample was placed in a
particle size analyzer. The apparatus measures particle size by passing a thin beam of laser
light through the dispersant. The diameter of a particle in the dispersant can be determined
by the amount of light that it blocks as it passes through the beam. The dimension measured
particle is oblong, the machine estimates the shortest length across the particle. The term
"diameter” throughout this text will be used to describe any linear profile of any shape.

An important consideration involving the analysis of particle size is the dispersant used. The
primary concern involved with the dispersant is that it may dissolve the particle. Any
- particles existing in the tank that are soluble in the dispersant will dissolve or decrease in
size during the analysis. Depending on the dispersant, the particle size analysis may not
| represeiit tie irue particle size distribution in the tank. “In the case of tank 241-T-111, water
was used as the dispersing medium. If a true particle size distribution is required, the
mother liquor, or drainable liquid of the tank should be used if possible because the tank
particulates are already in equilibrium with the tank’s mother liquor. The insolubility of the

waste matrix suggests that the particle size data acquired should be acceptable.

The mean particle size in the number distribution runs in a narrow range from 0.93 to
1.23 microns in diameter for tank 241-T-111 waste samples. Table 5-13 presents the
summary results of the measurements.
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~= ~ 77 7 Table 5-13. Core 31 Particle Size Distribution by

Number.
Segment Mean Standard Median

(um) deviation (um)
1 1.23 0.89 0.94
2 1.13 0.80 0.88
3 1.17 1.00 0.91
4 0.93 0.60 0.80
5 0.95 0.63 0.81

6 - - -
7 0.97 0.60 0.83
8 1.02 0.85 0.82
9 1.02 0.83 0.83

Table 5-14 presents the summary results. of the volume distribution measurements.
Assuming that the density of the solid material within the tank is constant, the volume
distribution is also the best estimation of the mass particle size distribution of the tank.

Table 5-14. Core 31 Particle Size Distribution by Volume.

Segment Mean Standard ‘Median
C " {um) deviation (um)
I 28.56 35.92 5.81
2 1491 20.76 4.79
3 64.99 46.19 58.69
4 24 .87 34.15 5.63
5 37.87 4791 12.31
6 N T -
7 7.95 11.88 4.02
8 24.72 28.18 10.02

"9 59.69 49.04 58.97

The number density graph is plotted over the acquisition range of the device (from 0.5 to
150 microns). The numbers of particles in each size range, shown as a percentage of the
whole, are graphed against their respective size ranges to form a distribution curve. The
- figures show that the modes for particle size range between the origin and 2.0 microns. In
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fact, over 80 percent of the measured particles fit within this narrow band. As with the
number distribution, the volume distribution is represented by a probability volume density

- graphs--The average-particle size i the-volume disiribution is considerably larger than in the
number distribution. The particle size in the volume distribution ranges over the full scale of
the device, 0.0 microns to 150 microns in diameter, between the eight segments (core 31
segment 6 was empty, but the nomenclature for the other samples held). The analyzer
calculates particle volumé as the cube of the diameter.

In core 31, approximately 70 percent of particle measurements for segments 1, 2, 4, 5, 7,
and 8 fall into the range between 0.0 and 24.0 microns, and tend to be dispersed towards the
smaller particle sizes. Segments 3 and 9 were exceptions to this rule. They had a
distribution over the broad spectrum of particle sizes, with the particles generally much
larger and more widely scattered over the 0.0 to 150.0 micron range and a slight tendency
towards the smaller end of the scale. In segment 3, 23 percent of the particles were less than
24 microns. In segment 9, 40 percent of the particles were less than 24 microns.

~ The disparity between the segment measurements possibly indicates a difference in waste
type, or perhaps a transitional layer between two waste types that individually are physically
similar, but when commingled, may precipitate larger particulate materials. In segments 1,
2,4,5,7, and 8, over 60 percent of the particles in the sample have a diameter of less than
24.0 microns. In segments 3 and 9, over 50 percent of the particles have a diameter of
greater than 24.0 microns. In the retrieval and subsequent treatment of the tank wastes, it
may be desirable to design pumping or filtration systems for the tank particulate. Therefore,
__the volume distribution of the particles should not be neglected (i.e., particles with diameters
of over 20 microns should be considered in these designs). In addition, variation in particle
size distribution is believed to have an impact on analytical precision, especially with small
sample sizes, and thus, should be considered when evaluating analytical results. Plots of the

probability number and volume-density for each core are presented as Figures 5-7a to 5-14b.

5.3.4 Settling Behavior of As-Received and Diluted Samples

This section analyzes the settling behavior and physical properties of the grab samples and
the as-received 1 to 1 and 3 to 1 water to sample dilutions. The physical properties reported
here include seitling rates and volume percent for settled solids and weight percent and
volume percent for centrifuged solids. The experimental procedures used to take these
measurements were reported previousty (McKinney et. al 1993). The physical properties of
the grab samples are reported in Table 5-15. The properties for core 31 samples are
summarized in Table 5-16.

5-30



WHC-EP-0806

Figure 5-7a. Core 31, Segment 1, Particle Size: Number Density.
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Figure 5-8a. Core 31, Segment 2, Particle Size: Number Density.
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Figure 5-9a. Core 31, Segment 3, Particle Size: Number Density.
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Figure 5-10a. Core 31, Segment 4, Particle Size: Number Density.
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ure 5-11a. Core 31, Segment 5, Particle Size: Number Density.:
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Figure 5-11b. Core 31, Segment 5, Particle Size: Volume Density.
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Figure 5-12a. Core 31, Segment 7, Particle Size: Number Density.
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Figure 5-14a. Core 31, Segment 9, Particle Size: Number Density.
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Table 5-15. Grab Sample Physical Properties Summary.

“Property | Grab sampie #1 | Grab sample #2 | Grab sample #3 | Average value
Specific gravity 1.036 1.038 1.033 1.036
pH __ _ 11.57 11.59 11.78 11.65
wt% H,0 92.70 02.50 92.90 92.83
Wt% H,0 (TGA) 91.17 91.73 90.24 91.05
Settled solids <1% < 1% < 1% < 1%
(vol%) ] .
The grab sampies were clear yellow liquids with no particulate.

Table 5-16. Physical Properties Summary.

_ _Sample
Property Core 31, Core 31,
_ A S ‘segment 2 segment 8
Settled solids (vol%) 100% 100%
Wt% Solids R L .22.4 . 29.3
— ——— As-Received —
Wi% Undissolved solids - 19.0 25.4
Density (g/mL) 1.19 1.28
Centrifuged samples
Vol% 65.8 71.9
Wt% | lhourat 67.3 5.9
Centrifuged supernate | 1,000 1.07 1.10
. density (g/mL) .. graviues :
Centrifuged solid density | , 1.22 1.34
(g/mL) ’

No settling was observed in the as-received segment samples over a period of three days, and
- there was no standing liquid obtained from the samples. Two dilutions of 1 to 1 and 3 to 1
-water -to- sample raties, respectively were prepared, and the volume-percent settled solids for

each of the dilutions are plotted as a function of settling time.

The 1 to 1 dilution for segment 2 reaches a final volume percent settled solids of 85 to

87 percent. Settling is observed throughout the three-day period, but the majority of the
settling is observed in the first 10 hours. The 3 to 1 dilution reaches a final volume-percent
settled solids of approximately 52 percent. Again, settling is observed over three days, and
_ the first 10 hours is when the majority of the solids settle, Qualitatively, the settling

behavior for both sample dilutions is a steep, nearly linear relationship between the initial




WHC-EP-0806

—

fluidization of the material and the first 10 hours of settling. After that, the final 10 percent
of the suspended solids take up almost the rest of the time settling in a long, gradual decline,
before coming to equilibrium.

_.The 1 to 1 and 3 to 1 dilutions.for segment.4. were compromised by drying the sample before

its assay. However, some observations and contrasts with the other samples are appropriate.

~ Settling is mostly completed after 3 to 4 hours, and is complete after 10 hours. This is in

sharp contrast to the other samples for which there is a long, asymptotic-like settling
behavior observed for a substantial portion of the suspended solids (10 to 15 percent), after
the initial settling phase. This behavior is suggestive of a colloid or gel for segments 2 and
8. In contrast, segment 4 appears to be a collection of discrete particles with no interaction
between them.

The 1 to 1 dilution for segment 8 reaches a final volume-percent settled solids of about

80 percent (see Figure 5-17a). Settling is observed throughout the three-day period, but the
majority of the settling is observed in the first 10 hours. The 3 to 1 dilution reaches a final
volume-percent settled solids of approximately 40 percent. Again, settling is observed over
three days and the first 10 hours is when the majority of the solids settle. Qualitatively, the
settling behavior for both sample dilutions is a shallow, nearly linear relationship between the
initial fluidization of the material and the first 10 hours of settling. The slope of this line is
much more gradual than that of segment 2 for the corresponding dilutions. After the first
10 hours, the final 15 percent of the suspended solids take up almost the rest of the time
settling in a long, gradual decline before coming to equilibrium. Table 5-17 summarizes the
settling behavior for the samples investigated. Figures 5-15a through 5-17b illustrate the
setting behavior over time.

Table 5-17. Settling Comparison for | to 1 and 3 to 1 dilutions for Core 31
Segments 2, 4, and 8.

Analyte Segment 2 Segment 4 Segment 8
Dilunon: water to sample | 1:1 | 3:1 | I:1 § 3:1 |_ 1:1 31
Final volume % solids 87 52 22 22 80 40

5.4 ANALYTICAL RESULTS--ENERGETICS

TGA and DSC were performed on subsegment and core-composite material from

tank 241-T-111. These two thermal analysis techniques are used to determine the thermal
stability or reactivity of a material. In DSC analysis, heat flow over and above the usual
heat capacity of the substance is measured while the substance is exposed to a linear increase
in temperature, i.e., the change in temperature, divided by the time elapsed is constant
(dT/dt = constant). While the substance is being heated, a cover gas (usually air or N,) is

_ passed.over.the waste ‘material to remove any gases-being released. The onset temperature
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Figure 5-15a. Settling Rate Data for Tank 241-T-111 Core 31, Segment 2, 1 to 1 Dilution.
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Figure 5-16a. Settling Rate Data for Tank 241-T-111 Core 31, Segment 4, 1 to 1 Dilution.
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Figure 5-16b. Settling Rate Data for Tank 241-T-111 Core 31, Segment 4, 3 to 1 Dilution.
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___Figure 5-17a. Settling Rate Data for Tank 241-T-111 Cere 31, Segment 8, 1 to 1 Dilution.
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for an endothermic or exothermic event on a DSC is determined graphically. The endpoints
of the event are determined and a line is drawn between them to establish a base. A line
tangent to the initial side of the event is drawn until it intersects the base. From that point of
intersection, a vertical iine i$ construcied to the temperature scale at the bottom of the DSC
curve. That temperature is the onset temperature of the event.

TGA measures the mass of a sample while the temperature of the sample is increased at a
constant rate. The X-axis is representative of the running time of the analysis as well as the

___temperature increase of the sample during analysis. The Y-axis represents the weight percent
of the sample and is effectively unitless. As with the DSC, a cover gas is passed over the

* sample during heating. Any decrease in the weight percent of the sample represents a loss of

gaseous matter from the sample either through evaporation or a reaction that forms gas phase
nroducts
r

AN N e

DSC is often used to measure thermal decomposition temperatures, heats of reaction,
reaction temperatures, melting points, and solid-solid transition temperatures. TGA is used
to measure thermal decomposition temperatures, water content, and reaction temperatures.
The two methods often provide complementary information.

777777 -----58,4,1 Remarks on the Interpretation of Differential Scanning
Calorimetry/Thermogravimetric Analysis Data

Tables 5-18, 5-19, and 5-20 summarize the results of the thermal analyses performed.
Although DSC assays were performed on the grab samples, the results were uniformly
negative (i.e. no exotherms were observed). Where exotherms were observed, there are two

~ significant features seen on the DSC and one on the TGA plots. The endothermic DSC event
overlaps the area where the substantial majority of the sample mass is lost as recorded by the
TGA, suggesting that this endotherm is a result of the evaporation of water from the sample.
The values presented in the tables may not exactly match the values derived from the DSC
and TGA plots, especially exotherm magnitudes. This is because interpreting these
semi-quantitative analyses requires considerable experience and judgement on the part of the
analyst, and differences in perception and judgement between readers can be expected in a
semi-quantitative analysis. Appendix A contains copies of all of the DSC and TGA traces
and results.

Additional physical properties work was performed to expand the understanding of the
exothermic behavior of some of the segments (WHC 1994, Delegard 1994). Table 5-21
presents additional energetics results for core 33, segments 1 and 2. These samples were
dried under a vacuum at 60 °C before analysis, using either air or nitrogen as a cover gas.
Even after drying, the samples retained 10 to 12 weight percent water. Table 5-22 presents a
oo =brief summary of the analytical results for the average sample properties as-received after
centrifuging samples from core 31, segments 3 and 7, and core 33, segments 1 and 7, at
500 gravities for 113 hours.

o ivsa 4k
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5.4.2 General Comments on the Differential Scanning Calorimetry/
Thermogravimetric Analysis Behavior of the Samples

The first transition in each sample is endothermic, begins at the lower temperature limit of
the analysis (30 °C), and essentially is complete between 140 and 180 °C. The most likely
phenomenon occurring in this region is the release of the bulk and interstitial water in the
core sample material. The endotherms exhibited in this region are substantial (typically in
excess of 1,000 J/g). These values are per gram of wet sample. If divided by the mass
fraction lost during analysis, they range from 1,600 to 1,900 J/g (dry) and correspond
roughly with the heat of vaporization of water (2,260 J/g). The TGA water content
corresponds reasonably well with the water loss observed in a gravimetric weight percent
solids determination; however, the gravimetric weight percent water assay is consistently

lower.

Table 5-18. Percent Water Analyses Results
from Tank 241-T-111.

Core 31 average | Core 31 average | Core 33 average | Core 33 average
Sample 1.D. gravimetric TGA transition 1 | gravimetric Wt% | TGA transition 1

Wt% loss Wt% loss loss Wt% loss

Segment 1 80.3 87.0 80.4 NM
Segment 2 82.4 87.0 85.7 80.6
Segment 3 860 85.0 - 81.8 1 88.5
| Segmeni 4 773 _....B82.8 79.9 89.5
Segment 5 | .. 80.9 88.0 78.2 88.8
Segment 6 No sample No sample 75.8 84.4
Segment 7 76.8 84.8 71.7 85.8
Segment 8 76.6 85.6 75.4 84.8
Segment 9 75.8 71.0 76.0 85.2

Segment 9B 70.4 72.1 NA NA
Composite 1 746 73.3 76.5 81.6
Composite 2 75.9 70.2 77.1 80.8
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Table 5-19. Differential Scanning Calorimetry Energetics Results from
Tank 241-T-111, Core 31 (wet basis).

Transition 1 Transition 2
Core33ff“_1_’_li_ -It?gg)e 3\?3* Alilzr)lge R(::rég)e :n‘;ge ‘ AI—I(Jr/a;)ge
°O (°C)
Segment 1 43 - 141 | 43 |1,088 to 1,406 (200 - 387] 200 | -259 to -273
Segment 2 | 46 - 149 4.6 1,108 to 1,643 200 - 398 | 225 -256 to -264
Segment 3 45-160| 50 |1,210t0 1,233(195-405| 198 | -263 to -448
Segment 4 44 - 165 | 44 1,235 200 - 390 200 -55.7
Segment 3 NR -- | Endotherm NR NA NA | No Exotherm
Segment 6 NA -- --- - -- NA
Segment 7 - 50 - 164 - 50 —1,488 165 - 400| NA | No Exotherm
Segment 8§ 50-153 1 50 1,534 154 - 400| NA | No Exotherm
Segment 9 61 - 158 | 61 1,437 159 - 400 NA | No Exotherm
Composite 1 NR -- | Endotherm NR | 256 - 339| 257 }-23.6 to -37.0
-Composiie 21 - NR -- | Endotherm NR | 260 - 334| 262 |-18.5t0 -22.9

NOTE: To convert from J to cal, divide by 4.18.
NOTE: Negative AH indicates an exotherm.
NA = Not applicable.

NR = Not resolved.
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_ Table 5-20. Differential Scanning Calorimetry Energetics Results from Tank 241-T-111,
Core 33 (wet basis).
Transition 1 ' Transition 2
— |Core Sample|  [Avg.] _AH range Avg. onset | AH range
””” B e T B S £ i B P -1 A= o .
o _ - ~ - | Range (°C) o;olset - Ulg) | Range (°C) 0) le)
S (°C) |
B Segment. 1 -1--49-168 ---49 195810 1,604 | 168 374 - - 184 -218 to -293
Segment 2 45 - 179 50 1,346 to 168 - 438 174 -454 to -645
1,496
Segment 3 [--—NA - '_ 1o Eﬂdétherm_ 237 -400 | 237 -49.3
' NR
Segment 4 NA -- | Endotherm NA - No
NR Exotherm
“[Segment 5 - NA -- Endotherm NA -- No
NR Exotherm
B 1Segment 6_ NA -- Endotherm NA - No
' NR Exotherm
... |Segment7 NA -1 Endotherm NA - No
NR Exotherm
Segment & .| . NA--——4- - | -Endotherm NA - - No
NR Exotherm
-~ {Segment 9 | - NA - ‘Endotherm |~ NA B No
| : NR : - — | Exotherm
Composite 1 NA -- | Endotherm NA -- No
~NR - 1 - -—{-Exotherm
Composite 2 |~ ) NA -- Endotherm 'NA o No |
- o ' NR Exotherm
NOTE:_ To coavert from J to cal, divide by 4.18.

NOTE: Negative AH indicates an exotherm.

"NA = Not applicable.
NR = Not resolved.
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Table 5-21. Differential Scanning Calorimetry Energetics Results
from Tank 241-T-111, Core 33 (dry basis).

- -Transition 1 - ~Transition 2
Laboratory-core Ran Avg. AH Ran A t
sample-air/N, ge range A ge vg; onset | o0
O |Fe| @ | O | o range (Ig)
222-8-—- --- --- | NR--Dried | 158 - 405 NR -1,857 to -1,882
core 33, seg. 1, Air
- 1222-8. { o eme == -t NR--Drnied : 130 - 425 NR -251 to -269
core 33 seg 2 A1r
222-S --- --- {NR--Dried | 130 - 430 NR -288 to -309
core, 33 seg. 2, N,
222-S -—- --- | NR--Dried| 128 - 418 NR -180 to -187
core 33, seg. 2, N,
222-S -— --- |NR--Dried | 123 - 421 NR -163 to -175
core 33, seg. 2, N,
222-§ 7 --- --- | NR--Dried | 121 - 438 NR -336
core 33, seg. 2, N,
325 --- --- {NR--Dried | 107 - 394 199 -836 to -898
~jcore 3 3, 'seg. 2 2, N; '

NOTE:

NA = Not applicable.
NR = Not resolved.

NOTE: To convert from J to cal, divide by 4.18.
Negative AH indicates an exotherm.
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Analvte Core 31, Core 31, Core 33, Core 33,
nalyte . segment 3 segment 7 segment 1 segment 7
As- As- . As- . As- .

. ed . .

T T recerved Ceatnfuzed recewedﬁg Eagnﬁzgp recaived - L_(':’_eqn_'lfuged recaived Centrifuged
Gravimetric |79.53 64 96 74.72 62.06 79.56 65.49 74.07 59.95
water
(%)

TGA 76.72 55.36 74.06 55.83 78.08 51.37 78.1 45,15
(%)

Density 1.24 1.09 . 1.19 1.20 1.16 1.1% 1.20 1.29
{g/mL)

AH exotherm [-112te (-4653 w0  [-10.21t0 )O 249 10 -822.410 |-37.510 |0
range (J/g) ~ {-i%1 7 -'546.9 © ]33 ’ 1-254 -838.1 -41.4

WHC-EP-0806
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Table 5-22. Additional Segment-level Physical Properties Measurements (1994).

When there is a second transition it is usually substantial and the energetic behavior is readily

_Quantifiable in all of the samples analyzed where exotherms are observed. -Any weight loss

in the second transition region (generally temperatures above 200° C) was not readily
quantifiable, whether exotherms were observed or not. The results for the samples

differences in thermal behavmr compared to other samples from deeper i in the tank, further

_ sugg,esting a difference in waste type.- In addition, because of the observed exothermic

__behavior for-the top-3-segments-from cores 31-and 33 and the resaits from Baldwin (1994),

the present TOC assay is not considered capable of measuring the TOC in the waste.
Resolution of the actual magnitude of the exotherm, its reaction mechanism, and speciation

-—-of the-fuel 1s still conuinuing.

5.5 OVERALL ANALYTICAL DATA SUMMARY

Several characterization and safety issues are defined by certain bulk amounts or weight

_percem of a. m\mn ana.vm Tﬂh} 23 plesema the nominal concentrauon arld calculated
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Table 5-23. Overall Data Summary and Inventory Estimates. (3 pages)

_ Tank
" 1 . TRA ;A.n alvtical o o 1992 cores 31 inventory
OROUP | aam1556) | Guntenn 1999 (2o oo ) | 433 | bawdon
data
_ | CATIONS Hg/g uglg. - uglg KE/E kgs
Be.f — — ___ <DL < DL < 0.22
Ba — 23.4-132.2 28 60.8
rNa.f 74,200 0 33,900 - 39,800 37,000 80,300
Mg.a - 290 - 479 377 820
ALf 0 0 459 - 693 570 1,240
Si.f 2,800 0 5,410 - 5,960 5,670 12,300
P.f (as PO*) (as PO,*) 9,070 - 11,600 10,400 22,600
S.f (as SO%) (as S0.%) 1,080.- 1,350 1,230 2,660
K.a 3,700 0 1,020 - 1,210 1,140 2,460
Ca.f 0 0 2,050 - 2,760 2,420 5,260
Ti.f — 22.3-72.9 48 104
VI 121-16.5 14.5 315
Cr.é 33 719 1,840 - 2,140 1,980 4,290
Mn.a 90 507 6,140 - 6,710 6,330 13,700
Fe.f 9,400 10,300 15,900 - 20,500 18,500 40,200
I Ni.a T 0 108 - 151 132 285
Co.f 10.1 - 13.3 4.5 9
Cu.f 22.1-36.3 29.3 63
Zn.f - 104 - 110 106 231
As.a < DL <33 <72
Se.a - - < DL < 1.5 < 33
Sr.f 0 280 - 334 300 651
Zr.f 0 0 4 NR —
Ag.f G- 37.1:221 130 278
Cd.f 6.42 -10.7 5.8 12.6
Sn.a - --- 1.61 -4.21 2.5 5.4
Sb.a 22.6 - 36.5 - 31.4 70
Ba.a 0 57.0 - 87.3 69 150
La.a 12,700 512 3,620 - 4,890 4,220 9,160

Ln
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. _Table 5-23, OQOverall Data Summary a

nd Inventory Estimates. (3 pages)

—1 - Tank
S N (Agnew1994) ) (Jiung_ﬂg_x_isgh_ 1984) | (most quantitative a.saay)_ “avetage 1992 core

Sl el | -  da
CATICNS “g'g ug/g He'g ug/'s kgs
Ce.a 0 0 28.6-37.8 33.7 73.2
Hg.CVAA - —_ 1.08 - 1.83 1.43 3.1
Pb.f 0 0 .o 267484 365 792
Bi.a 23,200 . 963,000 23,300 - 28,500 26,000 56,300
U.LF 140 - 1,950 - 5,200 3,550 7,700

-

RADIONUCLIDES
Analyte lumCi/g uCisg uCilg pCifg Ci
 Total Alpha - - 0.166 - 0.649 0.368 NA
Total Beta - - 8.83 - 21;5 15.1 NA
MAm - 0.0092 0.0382 - 0.0478 0.0425 92.4
s2u0py 0.009 0.055 0.134 - 0.628 0.304 660
wes . 1. 0.086 0 - 0.103 - 0.237 - 0.166 360
PTe - S ¢ S - 0.00473 - 0.0114 0.0079 i7.2
*Ni - — 3.35E-05 - 9.4E-05 5.04E-05 0.11
“Ni — - 0.0036 - 0.011 0.0057 12.4
%Sr 0.176 1.84 3.43-7.43 5.41 ___uisoo
e - 0 < DL <DL -
*H — - — < DL < DL -
ANIONS
Analyte HE'g ne/g ne/g K3/g kgs
OH 8 999 _5,;:’{,}{} 3,300 - 6,0002 . —
NH, - - <DL < DL —
F 24,600 0 1,370 - 3,130 2,300 4,990
cr 0 0 400 - 500 450 977
NO, 0 0 525 -952 793 1,720
NOy 51,600 0 36,900 - 44,300 41,300 89,660
co; a .0 as TIC 812 1,760
Total PO,? 35,400 438,000 27,800 - 35,500 31,900 70,100

L
L
-
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Table 5-23. Overall Data Summary and Inventory Estimates. (3 pages)

: y _ ) _ ) Tank
' | Process history* | “TRAC | Analytical dararange | 1992 cores3l | imventory
OROUP | " (A gnew1994) . | (Jungfleisch 1984) | (most quantirative-assay) | 224 33 based on
_ S S| S B - T average 1992 core
CATIONS kgl ug'g 1e/g 244 kgs
ANIONS
50,% 1,450 0 3,290 - 3,690 3,680 7,950
CARBON-BEARING SPECIES
s S
Analyte ug’s Ha/g #2/g 1g/g Kgs
TOC 2,000 - 2,000 - 3,990 3.120_ 6,770
TIC - 0 650 - 950 812 1,760
C,H,0, 0 0 'NM - —
cor 7,200 NM - —
CH0, 0 0 NM — —
Fe(CN)* 0 0 NM -
EDTA 0 0 NM - -
HEDTA 0 0 NM -— —
PHYSICAL PROPERTIES
W% Water 72.5% --- 74.6 - 77.1 76.0% 1.65E+06 kg
(Grav.)
“Wi% Water 72.5% 70.2 - 81.6 76.5% | 1.66E+06 kg |
(TGA)
(Bulk w2l | TR 109-1.28 1.24
Density
(g/em?)
Supernatant 1.058 --- [.033 - 1.038 1.036 .-
Densaty
(g/cm)
'Process history estimates are determined using a simple linear combination based op the propertions of 2C

and 224 waste contributed.
*OH’ is estimated from mass and charge imbalance.
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6.0 INTERPRETATION OF ANALYTICAL RESULTS

Tank 241-T-111 had a relatively straightforward process history as documented in the
transfer records. It received very few major types of waste that were likely to deposit solids
. during its operating history. The waste types, in chronological order, were as follows:

o 2C waste
¢ 224 Waste
« Decontamination streams from T Plant (221-T)

--The-purpose-of this section is-to attempt to identify and reconcile the location of the tank
waste solids, thereby estimate the tank inventory for various analytes of importance.

_The waste profile was identified by examining the available segment. level assays for-analytes
or characteristics distinct to the waste types that were disposed in the tank, and then
combining that information with what is known regarding the tank’s process history. The

___ first waste placed in the tank through the cascade inlet from tank 241-T-110 was 2C waste.
Study of the process stream compositions indicates that this waste would be comparatively
high in bismuth and phosphate in addition to the ubiquitous sodium, nitrate, and iron found

—-- - - _-in-nearly all waste types... Elevated levelsof fluoride, chromium; and suifate are aiso

expected. Qualitatively, the waste has been observed to be a gelatinous material. Anecdotal
reports during this time also indicate that the cascade lines may have clogged in
tank 241-T-111 and in other tank cascades receiving this type of waste. The 2C solids
_volume was measured to be between 723,000 L (191,000 gal) and 931,000 (246,000 gal)
~ in 1953 (Anderson 1990).

The tank then received 224 waste. The solids from this waste are high in manganese,
. Janthanum, and flucride, however, the 224 wasie may have been combined with the 2C waste
before being d:scharged to the tank. 'I‘he estimated solids volume conmbunon for this waste

between 594,000 and 802,000 L (157,000 and 212,000 gal).

The last major waste type disposed in the tank was T-Plant decontamination waste. Much of
__the physical and chemical composition-of-this waste is unknown because it was a catch- all,

consisting of various process residues, unused stock solutions, and aqueous decontammanon

solutions that contained surfactants (such as Turco®). Few predictions can be made from

~————"Turco 18 a registered trademark of Turco Products, Inc.
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studying the historical process flowsheets in this case. Lack of analytical data and/or transfer
records with regard to T-Plant effluents later in tank 241-T-111's service life are a great
source of uncertainty regarding the waste near the surface. One observation is that slightly
higher TOC values may be anticipated near the surface because of the use of detergents in
the decontamination waste stream and its chronological discharge sequence with respect to
the other wastes. This waste stream is estimated to occupy the top segment of waste, or
198,000 L (53,000 gal). The sum of the wastes would range between 1.52 million L and
1.93 million L (401,000 gal and 511,000 gallons), well within the reported range described
in Anderson (1990). This waste volume would measure between 389.4 to 491.0 cm (153.3
to 193.3 in), measured from the centerline and distributed evenly across the tank. The
present surveillance level status is almost exactly in the middle of this range 1.73 million L
(456,000 gal) and 440.2 cm + 1.3 cm (173.3 £ 0.5 in) (Rios 1994).

Two common characteristics of all these waste types are high water content and relatively
low activity. None of the waste streams disposed in this tank were concentrated through the
evaporator; therefore, the waste tank would not have any salt cake. The uranium,
plutonium, and fission product content of these wastes are uniformly low.

6.1 Review of the Analyte Profiles

The following conclusions are drawn from review of the available composite and segment
- analyses presented in-Section 5, and the-historical information presented in Section 2.

Core 31

The chemical analyses of core 31 indicate there are at least two primary types of material in
distinct layers in the tank. The DSC traces for segments 1, 2, and 3 show exotherms far out
of preportion to the measured organic content in the wastes. The temperature range where
the wastes begin to show reactions are from 170 to 400° C, but do not appear to be
self-sustaining. Instead, the overall energy profile is highly endothermic, probably caused by
the large amount of bound water (70 to 80 weight percent) that is evaporated from the

- sample before a reaction is initiated. The overall physical and chemical properties of the
waste in the tank roughly correspond to the expected behavior and composition of 2C waste,
with large quantities of bismuth, iron, and phosphorous, and no exothermic behavior. But,

- there.is a substantial contribution of manganese and lanthanum in the composites. However,
these analytes can be found in 224 waste, and historical data indicates that 224 waste was
added to tank 241-T-111 later in its service life. Therefore, the analytical and-historical data
~_correspond reasonably well, except for the anomalous energetic results. At this time, there
is no adequate explanation for the observed exotherms in the upper segments of

 tank 241-T-111 waste.
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- =~ Every segment of core 32 was compromised during the sampling process in some fashion.
When the sampler operated properly, liquids were the only material recovered from this
core. However, the sampler valve failed repeatedly. Photographs taken before and after the
sampling event reveal that there was a plastic bag in the vicinity of the sampling area before
coring operations. After core sampling, the bag can not be seen. It is surmised that the
sampling drill string was obstructed by the bag during core sampling operations, causing the

.. corruption of the samples. . All samples from core 32 were rendered unusable or categorized

- - a8 non-representative. - Therefore, no assays were performed and no analytical results are

reported.

Core 33

The chemical analyses of core 33 indicate there probably are three primary types of material
_in_distinct layers in.the tank. The extremely high manganese values in the top first segment
of the tank are attributed to 2 combination of T-Plant decontamination waste (i.e. the result

__of a final process flush-during the decontamination of T Plant) and 224-waste solids
deposited late in the tank’s service life. Proceeding deeper into the tank, beneath the first
segment, the distribution of bismuth, manganese, lanthanum, and chromium in the

~----- - composites and the anagte promes rrom the nomozemzanon results through segment 3

be a transition layer, contammg the boundary between the 224 waste and the 2C waste, based

~ on the exothermic-behavior of the waste as a fuiiction of depth. The TOC analysis indicates
moderate amounts of residual organics in the waste.

Cesium - 137 concentrations between the core composites vary within a factor of two, and
the variation in the *'Am is less than 13 percent. But the change in concentration as a
- -—- - function of depth for each of these anaiytes is much more significant. Both analyte profiles
show a decreasing trend as a function of depth in core 33. The *’Cs concentration decreases
-+ by more than a factor of 30 over the depth of the tank, and *'Am decreases by a factor of 10
through segment 7 before rebounding somewhat in segment 9. The *'Cs and *'Am
concentrations as a function of depth in core 33 show profiles consistent with the wastes
believed to be associated with the segments: low overall '¥Cs and *'Am values. But the
__ relative radionuclide concentrations for the suspected 224 and T-Plant decontamination wastes
___are higher than.the 2C wastes. The ¥Sr concentration is also low,and *Sr is similar to ¥'Cs
in the magnitude of the change in concentration and as a function of location for both cores.
However there are no high radmm.chde values- anywhere i the tank, and the tank

" concentrations of calcium, chrormum manganese blsmuth lanthanum and phosphorous,
although after segment 5, the analyte concentrations tend to plateau, mirroring the behavior
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of the radionuclides. In addition, the DSC traces for segments 1, 2, and 3 show exotherms

- e waaw

" far out of proportion to the measured organic content in the waste. The temperatures where

the wastes begin to show reactions range from 170 to 400 °C, but these reactions do not
appear to be self-sustaining. Instead, the overall energy release is highly endothermic,
probably from the large amount of bound water that is evaporated from the sample before a

reaction is initiated.

In conclusion, the physical and chemical properties of the waste in the bottom half of the

__tank correspond to-the expected behavior and composition of 2C waste, and the upper half of

the tank is suspected to be 224 waste with a high manganese layer located in segment 1.
Therefore, the analytical and historical data correspond well with the historical fill pattern,
except for the anomalous energetic results. Presently there is no adequate explanation for the

observed exotherms in the upper segments of tank 241-T-111 waste.

6.1.1 Entrance, Exit, and Mixing Effects
on Analyte Distribution

Figure 5-1 shows an elevation and plan view of where the core samples were taken.
Important items to note are the arrangement and location of the risers and cascade lines (inlet
and outlet). Their configuration can have a substantial impact on the distribution of waste in
the tank, and observations with regard to sampling. However, the waste entrance and exit
points for the tank over its service life are not well documented, therefore the spatial

- relationship and proximity to the sample risers is not known. The decant "float and flex"
“pump contained a 6.1-m (20-ft) section of flexible hose that could-traverse a relatively wide

area under and around the pumpout riser. The cascade fill line where 2C waste entered the
tank is closer to the core 33 sample point than to the core 31 sample point. There was very
limited discharge/transfer traffic from the other separations plants within T farm or with the
tank farms as a whole, so no highly enriched layer of radioactive material is expected to lie
on top of the waste as has been observed in other tanks sampled. However, the relative
concentration of radionuclides is observed to be higher in the upper portions of the tank.

As new wastes entered the tank and were distributed across it, the material under and around

..the tank pumpout could have.been disturbed;-and occasionaily solids could have been

transferred, in behavior similar to the last in, first out principle. It is believed that the
material beneath the waste inlets, the cascades and perhaps a riser, would have been

~ disturbed initially, but over time, large stratified layers resistant to mixing eventually would

have built up. No deliberate mixing of the wastes was performed; therefore, where
segment-level data is available, distinctions between waste types can be made. Some of the
larger particulate materials discharged to the tank initially may have settled out near the inlet
because they were not as flocculent or as easily suspended_as some of the other solids. This

 settling behavior may have provided a slight degree of separation. Therefore, the influence

of the waste inlet and outlet locations can provide insight to the analyte distribution and waste
profiles between cores 31 and 33. These factors may account for the nominally observed
lateral heterogeneity between cores 31 and 33; however, it must be noted that this lateral
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heterogeneity is v-e-ry slight and there may be several other factors contributing to this
observation.

6.1.2 Waste Profile

Given the historical and analytical data, it is possible to develop a rough representation of the

“wastes as they presently are configured in tank 241-T-111. Figure 6-1 shows a

representation of the overall waste profile of tank 241-T-111 and the assumed volumes,
boundaries, and positions of the various individual layers as they are believed to exist.

6.2 WASTE SUMMARY AND CONDITIONS

Historically, 241-T-111 was a non-watch list single-shell tank with no previous indication of

“a potential safety issues. All waste receipts were 2C waste, 224 waste, or residues from the

T-Plant cleanout. Flowsheet records indicate that small amounts of oxalate are present in
224 waste (at 0.028 M) (Schneider 1951). As a result of DSC measurements,

tank 241-T-111 was added to the Organic Watch List on March 4, 1994 and further concerns
have been raised about the tank’s integrity.

When tank 241-T-111 was sampled, normal paraffin hydrocarbon was used as a hydrostatic
fluid, presenting a potential contamination source and bias for the DSC. However, when
taking the first segment, no normal paraffin hydrocarbon was used, and sample recovery for

_...the other segments in the cores was excellent, Ne veids or separable liquid layer were
_ observed on extrusion of the samples, and -results from the gas chromatograph/mass

spectrometer for normal paraffin hydrocarbons components showed only trace amounts,

-preciuding significant sampie contamination from the hydrostatic head fluid. Furthermore,

experiments have demonstrated that normal paraffin hydrocarbons steam distill away before
reaching the reaction temperatures observed in DSC assays of the samples. In the deeper

- -segments and in the-composites, core 31-demonstrates some aciivity, but not to the extent
_ shown in the upper segments. _In core 33, no significant exotherms are evident in the

composite. The photographs of the extruded waste material demonstrated that the all of the

- .core samples were viscous;-gel-like materials with very little free liquid, and that they held

their shape relatively well. During the physical testing of the core 31, segment 2 solid
sample, when the sample was centrifuged, there was some separation of free water from the
gel. Later physical testing did show some separation of liquid from the waste matrix for
segment 7, but again, no separable phase was observed in the liquid (Delegard 1994). In
each case, the liquid did not appear to have any distinct layers, therefore no liquid organics
are considered to contribute to this waste matrix. In addition, although historically there

have been problems with both volatile and semi-volatile organics analysis methods and
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Figure 6-1. Waste Profile of Tank 241-T-111.

, T PLANT DECONTAMINATION AND 224 WASTE
1 198,000 Litars [S3.000 Gallons) ]
—!r - = - If
1 730 06’0 Liters 224 WASTE 617,000 Liters [163,000 Gallons] 5.49m [18.0f1]
-~ {456,000 Gaiions] | i| Liner Height

2C WASTE 908,000 Liters [240,000 Gallons]
B % - _ /:1

L

»  Dished bottom and tank layer 1: 2C, 508,000 L (240,000 gal)
+ Tank layer 2: 224 waste, 617,000 L (163,000 gal)

+  Tank layer 3: T-Plant decontamination and 224 wastes, 198,000 L (53,000 gal)
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holding times on ‘these samples, all of the results from these assays show levels of these
compounds below EPA contract laboratory procedure quantitation limits.

_.This information, coupled- with data-from-the organic vapor monitor taken during the recent
* liquid sample effort (Appendix C), supports the contention that there are no substantial liquid

organics in the tank. The organic vapor monitor results from the vapor space of tank
241-T-111 show a reading of 9.2 parts per million over a three minute monitoring interval:
a detectable concentration, but far below the established safety criterion of 20 percent of the
lower flammability limit. This resuli from the organic vapor monitor is not unexpected
because small quantities of ammonia were observed in the grab samples and hxstoncally

.. __ammonia was used as a process chemical in the tank wastes. Over time, the ammonia is
~~~ beiieved to have dissipated siowly to the levels observed toda_y 1t is also believed that the

..vapor space of this tank is relatively hernog\...e{.s and-therefore; large concentration
gradients for organics and other materials in the vapor space are not plausible. Differences
of 2 to 10 times are within the realm of possibility (10 times being an extreme). Factors
higher than that are not considered credible. For comparison, the vapor space of tank

-~ 241-C-103;-which-has-a known organic liquid layer, was found to be 200 ppm.

- Furthermore, a simplified modeling scenaric of tank 241-T-111 shows that if

nh

normal-paraffin-hydrocarbon-type liquid organics were present, they would be in much

- greater quantities than detected in the organic vapor monitor (see Appendix C).

and organic and inorganic salts in a gel-like matrix. The insoluble solids are a mixture of
phosphates, silicates, hydrated oxides, and hydroxides in combination with calcium,
chromium, lanthanum, iron, bismuth, manganese, and uranium. The soluble analytes are
primaniy sodium, nitrate, sulfate, and fluoride. Phosphorous is nearly evenly divided

__between its soluble and insoluble forms.— Substantial exotherms -were detected in segments 1,

2, and 3, with the reactivity tailing off in segment 4 of core 31 and in segments 1, and 2,
with the reactivity tailing off in segment 3 of core 33. The exotherms were reported to be
similar in size and temperature range. It is important to note that no exotherms are observed
until the sample has been dried and heated to approx1malely 180 °C. The exotherms
.themselves de-not appear to be kinctically fast, thus the reaction may not be able to sustain
itself without being thermally driven, as they are in.the DSC apparatus. The organics
present appear to be in the form of slightly soluble salts, contributing to a gel or sol-like
structure. _This behavior would be_consistent with. the. very high-meisture content observed in
these tanks and with the types of organics historically indicated to be in the waste: aqueous
decontamination solutions using surfactants, not normal paraffin hydrocarbons or TBP- -type
organics. This would help explain their low volatility and reactivity, their presence in the
solid phase, and their relative absence in the liquids. These materials are carbon-bearing and
will, if given enough impetus in the form of a thermal driver, react; however, the reaction
~does not appear rapid or self-sustammg, and will not occur without first removing the water

- from_the gel. No other safety issue was found after critically reviewing the analytical,

- historical, and surveillance data.

~J

N
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Hypotheses Rega-rding Recent Behavior of 241-T-111

-Recently, surveillance data indicated that there had been a relatively abrupt level change in
tank 241-T-111 over the past 16 to 18 months, Approximately 2.5 ¢m (1 in)-of gradual
sludge growth was observed over the last eight-year period, followed by an approximately

- 4.1-cm (1.6-in) decrease in surface level over 16 months. This situation is cause for
concern. Tank 241-T-111 is an assumed leaker, therefore there is the possibility that the
tank has leaked again and waste is being lost to the environment. This is not an acceptable

- condition. Tank Farm Operating Procedures (Boyles 1992) specify that when a level drop in
a tank is observed, the observation must be accompanied by certain actions, and that a
leaking tank must be pumped to eliminate any remaining drainable liquid to prevent further

: an-mnmpnml contamination. However, the observed level decrease was not large enough to
trigger action past investigation under present guidelines (Boyles 1992), and it was not
resolved that a leak was the only explanation for the observed behavior. In fact, there were
observers who believed there was another safety issue requiring consideration involved. The
final outcome of the review, however, was the decision to pump the liquid in the saltwell of
tank 241-T-111 to tank 241-SY-102 (Jenkins and Engelman 1994). This section recaps some
of the alternative explanations presented for the surveillance data and provides some of the

strongest and weakest points of the arguments put forth.
e Tank is a "Re-leaker"

Evidence supporting this point of view is strong and it is one of the most favored
explanations for the observed level drop. Tank integrity was questionable for a
long period of time, and the tank was declared a leaker in 1984. Corrosion of
tank liner is also evident from in-tank photographs. However, the change in
surface level could be a localized phenomenon and in-tank photographs and
observations of the extruded core material indicate that the waste is viscous and
__cohesive. . Substantial damage to-the tank liner-and shell would be necessary for

the evacuation of over 11,000 L (3,000 gal) of matenial and this condition is not
indicated,

+ Long Cycle Gas-Release Tank

This proposition is more speculative, but warrants consideration. Cyclic, gas
e - 5Ll'icn1tulg behavior prev:ousw has been observed in Hanford Slte waste tanks.

- Gas- (Jeneratlon Watch Llst. Vlscous waste matenal, such as that _o_bserved in
" Tank241-T-111, also appears to be able to retain generated gases. However,
overall tank mformauon specifically the analytical chemistry results, indicate
- tank conditions necessary for gas generation as currently understood (i.e. high
rad1onuchde and complexant levels), do not exist.
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Intrinsic Waste Matrix Changes

This explanation is even more tenuous than the previous one, but again, the
present understanding of the high-level waste tank matrices is very limited, so it
is within the realm of possibility. Composition and structure of the waste (small
particles, high water content, high ionic strength solution, and possible arganic
surfactants), may be similar to an emulsion. Over time, the low-level radiolytic
action and thermal cycling of the waste may break down the colloidal

- characteristics of the-matrix. The breakdown may be uneven, and there may

-even be a slurry-growth phase before the separation of the emulsion and the loss

of free water through pinhole corrosion. However, that same degree of
uncertainty regarding the content and structure of the waste matrix makes this
hypothesis highly speculative without much more characterization information

than currently exists.
Structural Subsidence of the Waste

This particular condition may be a contributing factor to the observed behavior,
since it is acknowledged that the overall configuration of the waste generally is
not very well known (and that the surfaces of the waste beds can be highly
irregular), however it is not considered the main cause. After disposal into the
tank, irregularities in the waste bed may have formed. The shifting of the waste

bed over time as a result of gravitational compression is potentially responsible

- for the sudden drop in waste ievel. However, this rationale does not adequately
- explain the observed increase in tank level without involving another agent (i.e. a
__slow tank intrusion). _Also, further slumping of the waste was not observed in

the recent in-tank photographs, and the waste surface was observed to be
reasonably uniform.

Other Possibilities or Combinations of the Preceding Agents

There may be more than one mechanism involved in the observed behavior, such
as a long-term slow intrusion coupled with a subsequent upset and relatively
rapid loss of material, especially of liquid, because the matrix appears to be quite
viscous. There are a limited number of measurements taken and their location is
fixed; therefore, local irregularities may be exacerbated. In addition,
measurement error and bias also are significant when considering the magnitude
of the drop in comparison with the error band.
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6.3 TWRS PROGRAM ELEMENT CHARACTERIZATION SYNOPSIS

-~ This section provides selected resuits obtained from core sampling for some of the most
pertineni analytes for the various TWRS program elements, including vitrification, Retrieval,
Pretreatment, and Waste Tank Safety. Analytes of interest will be reported on a level of
resolution commensurate with the available data and program direction. Watch-list tanks will
have segment or subsegment level analyses reported, while non-watch-list tanks are analyzed
on a core composite basis. Analytes of interest to multiple programs generally will be
reported only in one section. Further detail can be found in the body of the report or in the

data packages.

6.3.1 Retrieval Program Data Summary: Physical Properties

A major objective of the characterization program is to measure the physical properties of the
waste to support waste retrieval technology development. The analytical methods to
~-determine the physical properties of the waste as it actuaily exists in the tank require 50 to
100 g of unhomogenized sample. In some cases, the limited amount of sample recovered
constrains the number of analyses that can be performed. At the time of the sampling and
analysis of tank 241-T-111 waste, no data quality objective existed to define the scope of the
analyses. However, several analytes that specifically relate to physical properties were
determined to be of interest to the program and are summarized here, The physical
characteristics of tank waste are required to develop design criteria for waste retrieval
equipment, provide a basis for simulated waste development, and to provide a basis for
validation of equipment testing using design criteria and simulated waste, Selected
rheological and physical properties are presented in Table 6-1. Further information
regarding these analytes can be found in Section 5.3.

Table 6-1. Retrieval Program.

Analyte Data range
Specific gravity (g/mL)
--solids ' 1.19-1.28
--liquids (grab sampie) 1.036
Shear strength 5,000 £ 2,300 dynes/cm?
Viscosity (mPae®s)
--1:1 dilution @ 29 °C Less than 2 mPaes (cP)
Settled solids (Vol %) 100%
Weight % solids -~ - 22.41029.3
Weight % undissolved 19.0 to 25.4
solids .
Particle size (um)
--number distribution 1.85% < 2 ym
--volume distribution 70% < 24 um
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6.3.2 Final Disl;c;sal Program Data Summary

Bulk Coustituent Concentrations for Pretreatment

Programmatic decisions pertaining to the design of pretreatment and final disposal systems
shail be based upon the average characteristics of the tank waste. Therefore, the majority of

__-the laboratory analyses shall be conducted on representative core composites. However, as
-noted -in-other documentation (Bell 1993}, segment, subsegment, and additional analyses will

.- be-performed when-directed. - The consiiiuent concentrations and inventories shall be

calculated by either treating the core samples as random samples and averaging the results,
or by using a spatial model. The calculated values will include an estimated total quantity of
each selected analyte and . its corresponding confidence interval {CI} based upon analytical and

sampling variability. _Again, no data quality objective existed to-define-the scope of the
analyses at the time tank 241-T-111 was sampled and analyzed. However, several analytes

_ relating specifically to the most significant chemical and radiological contributors and their

solubility properties were determined to be of interest to the program.and are summarized
here. Chemical analytes of interest are presented in Table 6-2. Trace analytes and more

- comprehensive chemical and radiological characterization information can be found in

Section 5.
Low-level and High-Level Vitrification Program

The final disposal option for Hanford-Site wastes has been determined to be vitrification after
partitioning into low-level and high-level fractions. This program has characterization needs
in addition to those described for core sampling. The vitrification process will be performed
after the solids have been pretreated. Therefore, the core sample information will provide
preliminary bounding design conditions for the vitrification plant. Further characterization
for technology development and regulatory compliance will be necessary on the pretreated
-waste that will be fed to the vitrification plant. Although the data requirements for this

-option are not formaily defined, the analytical-requirements for-the previous Hanford Waste

Vitrification program generally are applicable and are identified in the Hanford Waste

Vitrification Plant Feed Characrerization Requirements, Revision 4 (Wagner 1992). These
requirements are quite similar to the pretreatment program requirements, and therefore are
presented together in this section (see Table 6-2). For more specific informationona

particular analiyte not given in this table, consuit the data package (McKinney, et al. 1993) or

-. -the appropriate table in Section 5.

-

he analytical program for vitrification not only entails determining if a waste type is
suitable for disposal as glass, but also includes determining the physical and chemical

characteristics of the glass for process-control purposes and to ensure regulatory compliance.
Sampling and analysis plans will be developed on an individual basis for each tank or process
batch. The characterization needs for these efforts include analyses for metals, water-soluble

___anjons, radionuclides, semi-volatile organics, and rheological and physical testing for both
the feed and vitrified product.
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Table 6-2. Concentrations and Solubility of Principal Waste Components.

Tank average Tank average
. concentration % Water
Analyte ;S?cfit‘fati?n PN fusion prep: soluble
- - - ST PICP. Wwig/g) (ug/g)

Calcium 61.8 2,420 2.55
Chromium 218.3 1,980 11.03
Iron 127.7 18,500 0.69
Aluminum 10.9 570 1.91
Sodium 33,000 37,000 89.19
Bismuth . 201.8 26,000 0.78
I.anthanum 11.0 4,220 0.26
Silicon 571.8 5,670 10.08
Uranium No measurement - 3,550 =
Zirconium 0.8 4.0 20.00
Phosphate. - - 15,600 (IC) - 32,300 48.29
Sulfate 3,550 Q) 3,680 96.47
Nitrate 41,300 Not Applicable ---
Fluoride 2,300 Not Applicable ---
TOC 3,120 Not Applicable -
Radionuclides
*Sr 0.00097 (Grab) 5.41 0.018
o - 0.087 (Grab) - 0.166 52.33

Tank 241-T-111 presently is not scheduled as an early feed. for pretreatm

ant
wilk

and vitrification.

~ The following characterization objectives need to be addressed in a data quality objective
supporting the design of retrieval, pretreatment, and final disposal systems for early feed

tanks.

+  Provide extensive characterization of the chemical and radiological contents of

-..... the waste-(solids-and supernate) as it currently exists in the tanks to evaluate how

" it can be processed a.nd to venfy if the composition variability study envelope
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—

Estimate the waste fraction that will remain after sludge wash pretreatment and
estimate the feeds for the low-level and high-level streams for vitrification,

Simulate sludge washing pretreatment on the waste material. This will provide a
detailed understanding of the sludge wash process and obtain empirical data on
soluble species removal.

Determine the physical and rheological properties of the waste before and after
simulated sludge washing to support the design of a waste retrieval system.

Provide a supply of siudge washed material to be used as feed material for a
laboratory scale vitrification.

Satisfy the general characterization requirements for physical, chemical, and

i innl Tastan
radiological analytes.

6.3.3 Waste Tank Safety Program Characterization Data Summary

Safety Screening

. The tank safety screening data quality-objective will be u used to classify 149 SSTs and
28 double-shell tanks that contain high -level radioactive waste into specific safety categories
- for issues-dealing with the presence of ferrocyanide, organics, flammable gases, and

m,,;nncahr,y_(Babad and Redus . 1994) .. The -analytes used to mal-:ethisciass'rﬁcation are fuel
energy value, total alpha concentration, weight percent moisture, and gas composition. The
following table presents the analytes of concern, the criterion for classification, and the
analytical result from the tank, where available. Further information on the tank contents are
presented in subsequent sections. Because of the exothermic response of the waste material
from the upper portions of tank 241-T-111, it has been placed on the Organic Watch List,

" and further studies trying to resolve the nature of the observed reaction are continuing.
Table 6-3 provides a comparison of the tank values with the safety screening criteria.

_ Table 6-3. Tank 241-T-111 Comparison to Safety Screening Criteria.

Analyte Safety issue/criteria : Tank result
Fuel energy value Organics, ferrocyanide, Greater than
(cal/dry g) flammable gas; -125 cal/dry g | -215 cal/dry g
Total alpha concentration Criticality; 1 g ®*Pu/L 0.0053 g/L
_Percent moisture -~ +-Organics, ferrocyaniae, 76 wi%
flammable gas; 17 wt% _
Gas composition 25% lower flammability limit | NA

NA = Not available
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Criticality Safety

__The criticality safety program has indicated that plutonium and uranium isotopic analyses on
each core composite and the bottom six inches of each core is required to alleviate the
concern for the potential of tank criticality. Therefore, upon extruding the last segment in a
core, the wasté to be tested shall be homogenized before a small aliquot is taken and
analyzed for plutonium and uranium isotopic analyses by mass spectroscopy. The analyses
will indicate whether the fissile species have settled in a concentrated layer at the bottom of a
tank. However, this analytical criterion was established after the sampling and analysis of
tank 241-T-111 waste. Tables 6-4 and 6-5 present a summary of the core composite data for
-.-uraniym-and plutonium concentration. - -After reviewing the data, the isotopic analyses from
both cores 31 and 33 were found to be very consistent with regard to composition, and the
total alpha content indicated from the core 33, segment 9 homogenization data is extremely
low (0.262 uCi/g). Therefore further re-analysis and isotopic resolution of the core sample
material from the lower portion of cores 31 and 33, segment 9 is not warranted. For this
tank to exceed established operating limits for fissile material in the tank farms, a
concentration of 1.58 uCi/g ®**°Py was calculated as a threshold limit value (see

Appendix C).

Table 6-4. Core Composite Uranium.

238 235
o coeNo. | TR | Tt | mass percent | mass porcent
" | Core 31, composite 1 2,180 4,000 99.3074 0.6755
Core 31, composite 2 3,880 5,200 99.3098 0.6761
Core 33, composite 1 3,180 4,500 09.3125 0.6761
1 Core 33, .composite. 2 1 —-1,950 3,500 09.3161 0.6717

FL = Uranium measurement by laser fluorimetry.

Table 6-5. Plutonium Concentration and Isotopic Distribution

- Total Pu 1 Total Pul ***py 2Py H0py, Hipy Hipy
a (222-S) | « (325) | mass mass mass mass mass
(uCi/g) | (uCi/g) | percent | percent | percent | percent percent

Core 31 C1 | 0.138 | 0.628 | 0.005 | 96.7199 | 3.2109 | 0.0352 | 0.0151
_[Core 31 C2 | 0.136_ | 0.565 | 0.0105 ] 96.6351 | 3.2834 | 0.0496 | 0.0215
[Core 33C1 | 0.132 | 0.319 | 0.004 | 96.7540 | 3.1046 | 0.1071 | 0.0683
Core 33C2 | 0.147 | 0.368 | 0.0105 | 96.5499 | 3.3436 | 0.0621 | 0.0337

* Core
number
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The following characterization objectives support resolution of this unreviewed safety
question and safety issue and support retrieval, pretreatment, and final disposal systems
design. Table 6-6 provides a comparison of the tank core composite values with the Organic
“Data Quality Objective Criteria.
» Determine the overall waste energetics and properties governing waste reactivity
~ behavior in the tanks.

distribution of *’Cs and *Sr.

i
o
8
D
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3
]
144
23
114
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___Determine the concentration of TOC and the speciation of organics present in the
waste,

e L

 --..Satisfy the.general characterization requirsments for physical, chemical, and
y
radiological analytes.

|
.

Table 6-6. Data Quality Objective Decision Limits for Organic Tanks. (Babad 1994)

Analyte Decision threshold Tank result
TOC (Dry wt%) > 5 wt% (dry basis) 1.3 wt% (tank)
o , : - 4t wt% (Core 33, Seg. 2)
Moisture content (wt%) < 17 wt% 76 wt%
Presence of organic layer Yes/No |No
Tank temperature (°C) 90 °C 16 °C

Total fuel content -125 cal/dry g In excess of -215 cal/dry g

Further analysis and secondary analytes for measurement were found to be unwarranted for

the tank composites; however, the first two segments of core 31 and three segments of

core 33 will undergo additional study. The results from this series of assays will be
.incorporated -into the-revision of this characterization report as they become available.
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7.0 QUAETIT ATIVE/STATISTICAL INTERPRETATION OF THE DATA

This section contains the results of the statistical analysis of data from two core samples

obtained from tank 24]1-T-111. Section 7.1 contains a description of the core-sample data

used in the statistical analyses and some general observations regarding the data. Section 7.2
contains mean concentration estimates, and the associated 95 percent CIs, for each of the
analytes in tank 241-T-111 waste. Section 7.3 contains estimates of the spatial variability

____(variability between cores), and estimates.of.the analytical error-from the core composite data

in tank 241-T-111. Further information can be found in Jensen (1994).

Two types of analytical error were estimated from the core composite data: variability

~_between composite samples within the same.core and variability-between the primary and
-duplicate analyses within-each core composite sample. “Estimates of the analytical

measurement error were used to test the significance of the spatial and compositing
variability. Spatial vanablhty was significant (i.e. substantially greater than zero at the

0.05 31gn1ﬁcance level) in 40 out of 79 analytes in the tank. The compositing variance was
significant for 38 out of the 79 analytes.

7.1 APPROACH

Cores 31-and 33 were the t'w"ﬁ valid core samples taken from tank 241-T-111. The segment
recoveries for each core were given previously in Section 4. Two core composite samples

e t 1e homogenized solid segment waste. Primary and duplicate
ned from each core composite.
The ICP acid digestion, ICP fusion dissolution, ICP water leach, IC water leach analyses,
selected radiochemistry, and other GEA were performed on all composite core samples.
These were the analytical results used in the statistical treatment of the data. In the tables in
Appendix B, the data are identified by the analysis method the type of dissolution, and

ratios of the mean of each sample and duplicate divided by the detection lzmlt for that pair.

The data package for tank 241-T-111 (McKinney et al. 1993) contains a complete report of
the sample results along with the laboratory quality control data. The core composite data
for each analyte are illustrated in Appendlx B.

- Statistics were calculated for analytes with concentrations greater than 10 times their
t Fa

detection limits (DL). Personnel within the TWRS Information Management Systems have
identified a list of analytes that have exception to this rule. Table 7-1 lists the analytes
specified. Statistics were calculated for the analytes from this list if the concentrations were
- greater-than-three times their DL. For a number of analytes, the concentrations of some
samples were greater than a particular limit (3 or 10 times the DL), while the other samples

. were less than that limit. In these cases the statistics were calculated using all of the data
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whether it was at;c;ve or below the particular limit (3 or 10 DL). The above rules‘ do not
----apply-to alpha-or beta/gamma counting methods. The ratios (mean/DL) reported in
Appendix B are provided to show how large the analyte concentrations are relative to

the DL.

T T~ Table 7-1. Special Anaiyte List.

Aluminum Nitrate
Bismuth Nitrite
Calcium Phosphate
Chromium Carbonate
Iron Fluoride
Silicon Chloride
Sodium TOC
Zirconium Cyanide

A close examination of the figures in Appendix B reveals several outlier data points in the
core composite data;

ICP.a.Co: The primary result for core 31, composite 2 of 11.7 ug/g is over three times the
duplicate result. The other results for ICP.a.Co all fall in the range 2.7 ug/g to
3.8 ug/g. The detection limit for ICP.a.Co is 0.8 ug/g.

ICP.a.Cu: The duplicate result for core 31, composite 2 of 127 ug/g is about four times the
primary result of 31.7 ug/g. The detection limit for ICP.a.Cu is 0.4 ug/g.

NO,: Both the primary and duplicate results from composite 2 of core 31 are about
half the results for core 31, composite 1. The average of the results for core 31,
composite one is 952 ug/g; the average for composite two is 525 ug/g. The
detection limit for NO, by water digestion spectrophometric analysis is 50 ug/g.

7.2 MEAN CONCENTRATION ESTIMATES

One of the tasks outlined as part of the waste characterization effort (Bell 1993, Winters

et al. 1990a, Winters et al. 1990b), is to estimate the constituent inventories in the waste,
The inventories are estimated by computing mean concentrations and 95 percent CIs on the
mean concentrations for each constituent. The estimate of the inventory and CI on the
inventory of an analyte in the tank are equal to the corresponding mean concentration
estimates and CI multiplied by the volume of waste in the tank.
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7.2.1 Statistical Methods

The concentration estimates are given in the form of 95 percent Cls on the mean
concentration. It is assumed that each sample and its duplicate are analyzed independently of
one another. The two analytical results are used to estimate the analytical measurement
—...error. Because of the hierarchical structure of the data, the analytical measurement error

~_alone is not the appropriate error term to use in computing the CIs. A linear combination of
the analytical measurement variance and the spatial variance is the appropriate variance of
the mean for the CIs. Appendix B contains a description of the statistical model and
formulas used to calculate estimates of the mean, variance of the mean, and the CI on the
mean.

7.2.2 Statistical Results
Table 7-2 contains the summary statistics by analyte for ICP acid digestion, ICP water leach,

ICP fusion dissolution, IC, and selected radiochemical and physical analyses. The summary
statistics are as follows:

y mean of the concentration data
() estimated variance of §
--—df-- . — degrees of freedom

95% LL  lower limit to the 95 percent CI on the mean
- 95% UL - upper-limit to the 95 percent CI on the mean.

For some analytes the lower confidence limit (95 percent LL) was negative. Because
concentrations are greater than or equal to zero, any negative 95 percent LL values were set
_equal to zero.

The Cls in Table 7-2 are wide relative to the range of the data. The Cls are wide because
- only-two cores were used to estimate the spatial vanability. A minimum of two core
.samples is needed. to-estimate a tank's-spatial variability.
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Table 7-2. Concentration Estimate Statistics. (4 pages)

(Units ug/g Except Radionuclides uCi/g)

Analyte 7 23 | df]| 95%LL | 95% UL
fiCPaAg | 1.26E+02 |7.86E+03 | 1 | 0.00 | L1.25E+03
ICP.a.Al S4IE+02 | LOGEX04 | 1 | 0.00 | 1.85E+03
ICP.a.B 2.80E+01 | 7.56E+00 | 1 | 0.00 | 6.30E+01
ICP.2.Ba 6.00E+01 | 6.46E+01 | 1 | 0.00 | L.7IE+02
ICP 2.Bi 2.59E+04 | 6.38E406 | 1 | 0.00 | 5.80E+04
ICP.2.Ca 1.88E+03 |2.12E+05 | 1 | 0.00 | 7.72E+03
ICP.a.Cd# S.80E+00 | 3.03E400 | 1 | 0.00 | 2.79E+01
ICP.a.Co® 4.30E+00 | 1.63E+00 |1 | 0.00 | 2.05SE+0l
ICP.a.Crx 1.98E+03 | L63E+04 | 1 |3.57E+02 | 3.60E+03
ICP.a.Cu 3.35E+01 | 3.53E+02 | 1 | 0.00 | 2.72E+02
ICP.a.Fe 1.85E+04 | 1.21E+06 | 1 |4.55E+03 | 3.25E+04
ICP.a.K 1.14E+03 |2.24E+03 | 1 |S.34E+02 | 1.74E+03
ICP.a.La 4.22E+03 |3.006405 | 1 | 000 | 1.I2E+04
{ICPaMg - 3.77E+02 | 6.36E+03 | 1 | 000 | 1.39E+03

- {IcPaMn 6.33E+03 | 2.68E+04 | 1 |4.25E+03 | 8.41E+03
ICP.a.Na 3.69E+04 | 1.56E+06 | 1 | 2.10E+04 | 5.27E+04
ICP.a.Ni 1.32E+02 | S.12E+02 | 1 | 0.00 | 4.19E+02
ICP.a.P 1.03E+04 | 1.21E+05 | 1 |5.00E+03 | L.47E+04
ICP.a.Pb 3.47E+02 | 2.64E404 | 1 | 0.00 | 2.41E+03
ICP.a. 1.21E+03 | 1.06E+03 | 1 | 8.00E+02 | 1.63E+03
ICP.2.Si 4.69E+02 | 9.17E+02 | 1 | 8.40E+01 | 8.54E+02
ICP.a.Sr 3.00E+02 | 3.75E+02 | | |5.39E+01 | 5.46E+02

...... -HCP.a. Ti T1.95E401 | 1.39E+02 | I 0.00 1.69E+02
[1cPav 1.45E+01 |6.58E+00 | 1 | 000 | 4.71E+0]
ICP.a.Zn 6.50E+01 |6.46E402 |1 | 000 | 3.88E402
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Table 7-2. Concentration Estimate Statistics. (4 pages)

(Units ug/g Except Radionuclides pCi/g)

Analyte v #2F) |df| 95% LL | 95% UL
ICP.f.Ag 1.28E+02 | 8.05E+03 | 1 | 0.00 | 1.27E+03
ICP.f.Al 5.70E+02 |9.70E+03 | 1 | 000 | 1.82E+03

--[ICP.f.Ba - 6.46E+01 [2.45E+01 |1 |L.73E+00 | 1.28E+02
icp.em 3.36E+04 | 9.086+06 | L | 0.00 | 6.18E+04
ICP.f.Cax 2.42E+03 | 8.27E+04 | 1 0.00 6.07E+03
ICPf.Cdx. - |8.12E+00 | 1.76E+00 |1 | 0.00 | 2.50E+01
ICP.fCr .. | 1.80E+03 | 1.56E+03 | 1 |1.30E+03 | 2.30E+0
ICP.f.Cu [2.93E+01 [3.56E+01 | 1 | 0.00 | 1.0SE+02
ICP.f.Fe 1.80E+04 | 4.05E406 | 1 | 0.00 | 4.36E+04
ICP.f.1a 4.11E+03 |3.08E+05 | 1 | 0.00 | L.12E+04
ICP.f.Mg 3.55E+02 7.31E+03 |1 | 0.00 | 1.44E+03
ICP.f.Mn 6.28E+03 | 1.88E+04 | 1 |4.54E+03 | 8.02E+03
ICP.f.Na~ 3.70E+04 | 6.00E+06 | 1 |5.82E+03 | 6.81E+04
ICP.L.Ni 8.14E+03 | 6.41E+06 | 1 | 0.00 | 4.03E+04
ICP.f.P 1.04E+04 |8.42E+05 | 1 | 0.00 | 2.21E+04
- [1CP:-Pox 3.65E+02 | 9.38E403 | 1 | 0.00 | L.60E+03
ICP.f.S 1.23E+03 | 1.13E+04 |1 | 0.00 | 2.58E+03
ICPESi -t SETEFE3] S.4IE404 | 1| 2:7IE+03 | 8.62E+03
ICP.f.Sr 2 98E+02 | 6.24E401 | 1 | 1.97E+02 | 3.98E402
ICP.f.Ti 4.79E+0] |6.09E+02 | 1 | 0.00 | 3.62E+02
ICP.f.Znx | 1.O6E-+0Q2 | 7.17E+00 .| 1 |-7.22E+01-| 1.40E+02
ICP.w.Al® 1.09E+01 |5.75E+00 | 1 | 0.00 | 4.14E+01
JICPw.Bi . |2.02E+02 | 2.40E+03 -1 -| 0.00 | 8.24E+02
ICP.w.Can 6.16E+01 | 3.32E+01 | 1 | 0.00 1.35E+02
ICPw.Cr - | 218E+02 | 2.45E+01 | 1 |135E+02 | 2.81E+02
| ICP.w.Fe 1.28E+02 |3.11E+02 | 1 | 0.00 | 3.52E+02
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" Tablé 7-2.” Concentration Estimate Statistics. (4 pages)
(Units ug/g Except Radionuclides pCi/g)

1

Analyte y &) df | 95% LL | 95% UL
ICP.w.K 7.19E+02 | 1.54E+03 | 1 [2.21E+02 | 1.22E+03
ICP.w.Lax 1.10E+01 | 1.42E+01 | 1 0.00 5.80E+01
ICP.w. Mg+ 3.64E+00 | 5.456-02 |1 | 6.75E-01 | 6.61E+00

-15CP.w.Mn 2.47TE+01 [236E+01 | 1 0.00 8.65E+01
TCP.w Na 3.30E+04 | 2.44E+06 | 1 [1.31E+04 | 5.28E+04
ICP.w.P 5.68E+03 [3.24E+04 | 1 |3.39E+03 | 7.97E+03
ICP.w.S 1.15E+03 |2.38E+03 | 1 |5.29E+02 | 1.77E+03
ICP.w.Si 5.72E+02 |5.35E+03 | 1 0.00 1.50E+03
IC.w.CI 4.50E+02 | 1.11E+03 [ 1 [2.56E+01 | 8.74E+02
IC.w.F 2.30E+03 | 6.46E+05 | 1 0.00 1.25E+04
IC.w.NO, % 8.97E+02 |2.10E+04 | 1 0.00 2.74E+03
IC.w.NO; 4.12E+04 |7.77E+06 | 1 |5.82E403 | 7.67E+04

- l1c.w.POF 1.55E+04 | 1.53E+06 | 1 0.00 3.13E+04
IC.w.SO.* 3.54E+03 | 2.85E+04 | 1 [1.40E+03 | 5.69E+03
GEA.Am-241% 4.24E-02 | 2.61E-06 |1 | 2.19E-02 | 6.29E-02
GEA.Co-60 3.64E-04 | 2.68E-10 | 1 | 1.56E-04 | 5.72E-04
I GEA.Cs-137 - -{ 1.66E-G1 | 3.35B-03 |1 0.00 9.02E-01
Gross.alpha 3.73E-01 | 1.96E-04 |1 | 1.95E-01 | 5.51E-0l
Gross.beta 1.SIE+01 |3.48E+01 | 1 0.00 9.00E+01
TGA.Percent. H,0 | 7.65E+01 |2.23E+01 | 1 |1.64E+01 | 1.37E+02
NO, 7.93E+02 | 8.76E+03 | 1 0.00 1.98E+03
Percent. H;0- 17.60E+01 | 5.81E-01 |1 |6.63E+01 | 8.57E+01
Pu-239/240 1.39E-01 | 9.19E-06 |1 | 1.00E-01 | 1.77E-01
Sr-90 5.41E+00 | 3.53E400 | 1 0.00 2.93E+01

| TOC* {3.12E+03 [3.83E+05 1.1 | 0.00 | 1.10E+04 -
Tc-99e | 7.92E:03 | 8.90E-06 | 1. 0.00 4 58E-02
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Table 7-2. Concentration Estimate Statistics. (4 pages)
(Units ug/g Except Radionuclides uCi/g)

Analyte y &) df | 95% LL 95% UL
Ux 2.79E+03 | 2.01E+05 | 1 0.00 8.50E+03
CipH 9.98‘E+db 7.9E-03 | 1 {8.86E+00 | 1.11E+01
777777 ——— ———— - -—e;-Analytes with a -pu'ﬁa of the data below 3 times the DL.
*: Analytes with a portion of the data below 10 times the DL.

COMPARISON OF THE YARIANCE COMPONENT ESTIMATES

Using the hierarchical structure of the core composite data, estimates of the between-core

spatial variability, the compositing variability, and the analytical-measurement variability can

be obtained. The spatial variance is a measure of the variability between cores. The

compositing variance measures the variability between composite samples within the same

core. The analytical-measurement variance is a measure of the difference between the

analytical results from the sample and duplicate samples. This variance includes, among
.~ . .-other things, the-sample handling errcr-and the chemical analysis error.

ocnra

The estimate of the variance of the mean is a linear function of the spatial, compositing, and
...@alvnc_:al -measurement-varances. -To help evaludtethemagnitude-of these three vaniance

vt
omponents, estimates of each variance component are given.

("l

7.3.1 Statistical Methods

... . Estimates of the spatial variance {3%(S)), compositi ng variance (¢* *(C)), and

analyucal measurement variance (65%(A)), were obtained for each analyte using restricted
maximum likelihood estimation methods. Restricted maximum likelihood estimation is
discussed by Harville (1977).

_To test the significance of the variance components, an analysis of variance (ANOVA) was
calculated using the hierarchical statistical mode! described in Appendix B. The mean square
error terms in the ANOVA table were used to perform an F-test on the spatial variability and
the composite variability. The p-values given in Table 7-3 were derived from the results of

these tests.
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7.3.2 Statistical Results

The restricted maximum likelihood estimates of each component of vanability along with the
p-values (significance level) from the F-tests also are given in Table 7-3. P-values less than
0.05 indicate that o*(S) or ¢*(C) is significantly different from zero at the 0.05 significance

level.

The p-values from the tests on ¢*(S) were less than 0.05 for 40 out of the 79 analytes in tank
241-T-111 waste. Thus, for these 40 cases, differences between the results in the two cores
were statistically significant™. The p-values from the tests on ¢*(C) were less than 0.05 for
38 out of the 79 analytes in tank 241-T-111 waste. This indicates that, relative to the
analytical error, differences between-composite samples were significantly greater than zero

in 38 cases. Conversely, for 41 out of 79 cases, differences between composite samples
were not statistically significant. The number of analytes (and the amount that they

" contribute to the waste) for which ¢*(S) and ¢*(C) were statistically significant further
suggests that the waste is heterogeneous.

7.4 MASS BALANCES

A method to help ensure the data are consistent and reasonable is to perform a mass and
charge balance on the core composite sample data. - This activity is-a-reugh quality-control

- —....._. check and provides insight-to some-of-the properties of the matrix. To do this, the

assumption in performing the mass balance is that the anions, cations, and water are all
associated in some manner, but the exact chemistry of the association is not considered.
Analytes contributing less than 0.2 weight percent, generally trace ICP analytes,

~—-AA-analyies, and radionuclides, are considered negligible in this assessment. The assays that
will contribute analytes to the mass balance are ICP acid or fusion (whichever gives higher
quantitatton), IC, TOC, and the gravimetric weight-percent water measurement.

Without considering the physical and chemical properties of the waste matrix and the context
of the process history, the mass balances produced from these assays may be biased low.
However, this bias is expected because it is known that there are analytes present that were
not measured in the analysis of the samples. The IC anions only measure the water-soluble
components; there is a substantial insoluble residue that must contain additional anions. Bias
may be impacted substantially by chemical form, accountability, and variability in oxide or
hydroxide content. Assumptions regarding the chemical combination of some of the analytes
will be made and inserted into the mass/charge balance, presented in Table 7-4. Generally,
this consists of assuming that some analytes are precipitated as an oxide or hydroxide, and
that the shortfall indicated from the charge balance in microequivalent [uequ.] is present as
one of those two analytes.

“Statistically significant for the purposes of this analysis means substantially greater than
zero at the 0.05 level of significance.
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Table 7-3. Variance Components Estimates. (3 pages)

Mag

S T —- Test: - Test:
Analyte &(S) " (S)=0 |  &(C) CHC)=0 | #(A)
p-value p-value

TiCPaAg- T L.56E+04 | - 0.001 | 1.94E+02 |  0.000 | 3.I6E+00
ICP.a.Al 1.89E+04 0.055 | 4.79E+03 0.000 | 1.06E+01
ICP.2.B 1.25E+01 0.093 | 9.28E-01 0.387 | 8.59E+00
ICP.2.Ba 6.91E+01 | 0263 | 120E+02. 0.000 | 3.54E-01

| 1CPaEi 1276407 0.000 | 6.25E+03 0.360 | 3.75E+04
ICP.a.Ca 4.10E+05 0.010 | 2.17E+04 0.074 | 9.95E+03
1CP.a.Cdx. | 5.96E+00 0.004 | 1.90E-01I 0.039 | 5.34E-02
ICPaCor | B8.92E01 | -0.376 | B8.08E01 [~ 0.389 | 7.84E+00
ICP.a.Cr 3.17E+04 0.007 | L.36E+03 0.081 | 6.75E+02
ICPaCu 339E+02 | 0.290 | 1.67E+02 | - 0.369 | 1.14E+03
ICP.a.Fe 2.33E+06 0.013 | 1.55E+05 0.063 | 6.25E+04
ICP2.K_ " 2.45E-24 0.911 | 8.86E+03 0.000 | 1.7SE+02
ICP.ala 5.91E+05 0.003 | 1.63E+04 0.019 | 2.88E+03
ICP.a.Mg 1.25E+04 0.005 | 5.18E+02 0.001 | 1.58E+0l
ICP.a.Mn 2.97E+04 0.254 | 4.29E+04 0.030 | 1.00E+04
ICP.a.Na 2.76E+06 0.057 | 6.73E+05 0.016 | 1.0SE+05
ICP.a.Ni 1.02E+03 0.000 | 6.13E+00 0.051 | 3.38E+00
ICPaP_ 237E22. | 0.608 | 4.77E+05 | - 0.000 | 1.25E+04
1CP.a.Pb 5.20E+04 0.003 | 1.41E+03 0.000 | 1.91E+01
ICP.2.S | 1ME+03 0.268 | 1.94E+03 0.003 | 1.25E+02
ICPast —— | 2.57E31 0.946 | 7.61E-14 0.418 | 7.34E+03
ICP.2.57 6.38E+ 02 0.079 | 2.18E+02 0.004 | 1.54E+01
JICP.aTi___. | 275E+02_1 . 0.001 | 4.69E+00 | 0.000 | 7.83E-02
ICP.a.V 1.83E+00 0.423 | 2.25E+01 0.000 | 2.30E-0l

1 ICP.a.Zn | 1.22E+03 0.021 | 1.35E+02 0.008 | 1,42E+401
|ICPf.Ag . | L.6IE+04 | - 0000 | 6.23E+00 0.295 | 1.83E+01
ICP f.Al T.90E+ 04 0.005 | 6.78E+02 0.030 | 1.57E+02
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Table 7-3. Variance Components Estimates. (3 pages)

Test: Test:
Analyte #(S) #(S)=0 $(C) (C)=0 .
: - - p-value ' p-value STV
ICP.fBa 3.99E+01 0.102 | 1.71E+01 0.012 | 2.19E+00
ICP.£.Bi 1.81E+07 0.001 | 2.88E+04 0.392 | 2.94E+05
[ ICP.f.Cax 1.51E+05 0.008 | 2.07E-19 0.804 | 5.86E+04
ICP.f.Cdx 2.17E+00 0.126 | 1.21E-20 0.649 | 5.38E+00
ICP.f.Cr 3.72E-15 0.994 | 5.63E+03 0.013 | 1.21E+03
ICP.f.Cux " 6.97E+01 0.005 | 2.00E+00 | 0.119 | 1.43E+00
ICP.f Fe 8.00E +06 0.003 | 1.68E+05 0.079 | 8.13E+04
ICPfla 5 96E+05 0.010 | 3.82E+04 0.012 | 4.98E+03
ICP.f.Mg 1.46E+04 0.000 | 5.15E-44 0.913 | 1.60E+02
ICP.f.Mn 1.66E-11 0.553 | 7.02E+04 0.011 | 9.70E+03
ICP.f.Na 1.17E+07 0.007 | 5.43E+05 0.044 | 1.65E+05
ICP.f.Ni 1.17E+07 0.033 | 4.18E-12 0.498 | 4.39E+06
| ICP.f.P 1.57E+06 0.028 | 1.95E+05 0.049 | 6.45E+04
ICP.f.Pbw 1.85E+04 0.003 | 4.35E+02 0.030 | 1.02E+02
ICP.f.S 2.15E+04 0.017 | 2.00E+03 0.008 | 2.13E+02
ICP.£.Si 1.06E+05 0.005 | 1.00E+03 0.369 | 6.83E+03
Scprsr - 6.12E-16 0.661 | LISE+02 0.222 | 2.69E+02
ICP.f.Ti 1.22E+03 0.000 | 2.66E-01 0.331 | 1.12E+00
ICP.f.Zn% 5.69E-23 0.440 | 1.10E-22 0.839 | 5.74E+01
ICP.w.Al® 7.35E+00 0.208 | 6.93E+00 0.061 | 2.72E+00
[ 1CP.w.Bi 3.90E+03 0.102 | 1.30E+03 0.123 | 9.66E+02
JICP.w,Cax . |. 186E-l11-|.-  .0.144 -7 1.69E-22 - 6:862 1 2.66E-+02
ICP.w.Cr 5.66E-20 0.979 | 9.52E+01 0.001 | 5.62E+00
ICP.w.Fe 6.16E+01 0.436 | 9.05SE+02 0.077 | 4.29E+02
ICPwWK | 2.28E+03 0.148 | 1.57E+03 0.001 | 4.73E+01
ICP.w.Lax 2. 71E+01 0.015 | 1.34E+00 0.226 | 2.23E+00
LICP.wMgx . .| 3.04E-2L 597 | 161E-01 | . 0.098 | 1.14E-01
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Table 7-3. Variance Components Estimates. (3 pages)

S Test Test:
Analyte. | S | (S)=0 #(C) PO=0 | 2
: S p-value ’ p-value v

_[1CP.w.Mn 2.51E+01 0.266 | 3:.19E+0L | - -0.130 | 2:51E+01
ICP.w.Na 4.53E+06 0.030 | 6.84E+05 0.002 | 2.88E+04
TICPwP - - | 3.98E+04-1-- 0222 | 3.94E+04 | _ 0.089 | 2.13E+04
ICP.W.S 3.95E+03 0.091 | 1.50E+03 0.014 | 2.13E+02
ICP.w.Si 8.53E+03 0.113 | 1.98E+03 0272 | 4.72E+03
JIcwar - | L99E+83 |  -6.043 | 1.15E-10 0.509 | 9.66E+02
IC.w.F 1.28E+06 0.001 | 1.37E+04 0.102 | 8.44E+03
IC.w.NO;* _ T3.99E+04 | 0015 | S22E-16 | - 0.510 | 8.64E+03
IC.w.NO; . | L42E+07 | 0.038 | 2.46E+06 0.013 | 3.44E+05
IC.w.PO; 2.59E+06 0.082 | 8.54E+05 0.030 | 1.99E+05
IC.w.50F 5.27E+04 0.032 | 7.04E+03 0.071 | 3.14E+03
GEA.Am-241% 2.99E-32 0.786 | 8.13E-06 0.062 | 4.59E-06
"GEA.Co-60 | 3.58E-10 0.046 | 5.14E36 | 0813 | 7.12E-10
GEA.Cs-137 | 6.61E-03 0.003 | 1.87E-04 0.000 | 1.88E-06
7¢}oss.alpha 3.42E-04 0.065 7.74E-05 0.098 4.58E-05
Gross.beta 6.93E+01 0.000 | 3.14E-01 0.026 | 6.62E-02
TGA. %.H,0 3.17E+01 0.008 | 3.78E-33 0.935 | 5.I18E+01
NO; - "~ 1.92E-14 0.789 | 3.46E+04 0.000 | 9.50E+02
Percent H,0 8.99E-01 0.128 | 2.55E-01 0.259 | 5.46E-01
-239/240 - 249E-28 |  0.73 | 2.01E-05 0.171 | 3.33E-05
590 7.04E+00 0.000 | 1.79E-02 0.209 | 2.61E-02
TOC» T 6.10E+05 0.113 | 2.98E+05 0.006 | 2.72E+04

[ Tc-99e —176E05 | - 0.001 | 2.63E07 |~ 0.027 |~ 5.75E-08
Ux 6.24E-06 0.831 | 7.91E+05 0.001 | 2.99E+04
pH 7.11E-28 0.601 | 3.06E-02 0.001 | 1.19E-03

®: Analytes with a portion of the data below 3 times the DL.

i

Analytes with a portion of the data below 10 times the DL.
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Table-'-l-4. Core 31 and Core 33 Mass and Charge Balance. (2 pages)

c;?:ra?éi Core 31 Eszem:;i Core 33 Core
""" - |- Analyte concenftration ~ | charge. ' - Concentration Charge 31/33
(ug/g) (““l“fgl (ug/g) (pequ{g) RPD
Ca*’ 2,710 135.50 2,140 107.00 23.51
Cr*? 1,850 106.73 2,100 121.15 -12.66
Fe*? 20,100 717.86 16,000 571.43 22.71
Mn** 6,160 448.00 6,400 465.45 -3.82
Na* 39,400 1,713.04 34,600 1,504.35 12.97
[Bi*? 23,500 | 337.32 28,500 409.09 | -19.23
La*? 3,670 79.21 4,770 102.95 -26.07
[si 5,900 842.86 5,440 777.14 | 8.1
U+ 3,820 96.30 3,280 82.69 15.21
PO> 30,100 | -950.53 31,700 -1001.05 | -5.18
SOF 3,650 -76.04 3,460 -72.08 5.34
NO; 44,100 -711.29 38,500 -620.97 13.56
F 3,110 -163.68 1,500 -78.95 69.85
TOC 3,740 -85.00 2,500 -56.82 39.74
Anion reconciliation
N 17,116 -2,139.50 16,926 2,115.75
-~ HOH 5,965 -350.88 3,325 -195.59
Water content
H,O 735,000 0 790,000 0 -7.21
H,0 Calc. 785,109 0 798,859 0 -1.74
7-12
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-~ 0O, Represents the overall mass and charge of oxygen added to manganese,

Table 7-4. Core 31 and Core 33 Mass and Charge Balance. (2 pages)

' c;?/reia:;gt Core 31 Egiiazi Core 33 Core
_Analyte . concentration - - (::Lha;g/e)_ i  Concentration (zgug/:) :;11%;
o (ug/g) sawe. (u8/g)
| Total | 949,891 - -0.10 091,141 0.05
Percent -5.01 -0.89 ' :
difference*

_______uranium, silicon, TOC, and chromium as part of the assumptionsgiven in Section
7.4. This notation is not meant to imply actual chemical form.
OH: Represents hydroxide amount calculated to reconcile charge balance
NOTE: Neither of these analytes (oxygen or OH") are analytically determined.

Core 31 value - Core 33 value x 100

- --Relative Percent Difference (RPD) =
—_ hY rd

(Core 33 value+ Core 33 va.luc)
2

«Percent difference is determined from a Total of 1.0E+06F& ie.,
g

sum of analytical valyes in a core - 1,000,000 x 100
1,000,000

= Percent Difference =

_ A significant source of error.can be reduced by -assuming all phosphorous is present as PO,>.

- The water digestion ICP values for phosphorous (converted-to PO )-and PS,* values from

the 1C agree well. The ratio of soluble to insoluble phosphorous (taken as phosphate)

indicates that it is only about 50 percent soluble. The process history of the tank also
indicates that large amounts of phosphate were used to encourage precipitate formation.

- Therefore, an assumption-that-the phesphorus determined by ICP in the fusion acid/assay
__(and converted to phosphate). represents total PO,> is not unwarranted. The phosphorus in

- the ICP fusion assay is converted to-PQO,* and added to the other anions in the charge

. —... balance.. This-step-will avoid double counting in the mass and charge balance calculations.

The following other assumptions will be made for the purposes of simplifying the
calculations: manganese is assumed present as MnO,, uranium is present as UO,(0OH),,
silicon is present as SiQy, TOC.as C,0,%, and chromium as Cr,0,. These forms are not the

7-13
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only likely speciation of the analytes; however, the waste matrices are too complicated to
represent every possible, or even probable compound present.

In the case of these waste materials, the disparity between the gravimetric water
measurement and the TGA water content suggests (1) drying of the sample before the
gravimetn'c assay; (2) incomplete drying during the gravimetric test, which biases the results
low; or (3) one or more endothermic events occurring in the same temperature range
(chemical reactions or phase transitions resulting in the loss of mass). One or more of these
factors may- be responsible for-the observed trend. However, in this case, the analytical
results and chemical assumpticns that were made with regard to the waste matrix reconcile
well.

7.5 SUGGESTED COMPONENTS OF WASTE MATRIX

The actual composition of the waste matrix is quite complex and trace amounts of various
compounds probably exist in the tank. However, with some simple assumptions regarding
how the anions and cations will combine, a list of the most probable compounds that exist in
the waste matrix and contribute significantly to its overall makeup can be developed.

Table 7-5 is a condensed version of a more general chart found on page D-147 in the
 Handbook of Chemistry and Physics 64 Ed. (Weast 1984). It provides solubility data on
some of the most common anions and cations. The oxidation state shown in the table for the
cations 1S the most stable. However, precipitates may form for multivalent cations under
varying conditions, and so precipitates are reported as likely, if conditions and anions in the
" ‘assessment of the analyst warrant it.

From the chromatographic data, suspected solubility behavior, and process information,
chloride, nitrite, and carbonate will not be significant mass contributors to the waste matrix.
Sodium, SO,*, and NO; are highly soluble, and thus probably do not contribute much to the
insoluble solids. However, they contribute significantly to the overall solids content of the
waste (dissolved + insoluble solids). Phosphorous is one of the most prevalent analytes, is
approximately 50 percent soluble, and contributes substantially to both the soluble and
insoluble solids. No analytical measurement of hydroxide was made for the solids (aithough
- there was an OH' assay of the grab sample), but it is known that in the process history of
tank 241-T-111, basic solutions were added routinely to the tank. The following are likely
candidates for the insoluble solids:

«  Bismuth phosphate, BiPO, . Bismuth fluoride, BiF,
. Bismuth hydroxide, Bi(OH), . Bismuth trioxide, Bi,O,
«  Calcium fluonde, CaF, '+ Calcium phosphate, Ca(PO,),

7-14
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~Table 7-5, . Probable Solids in-the Waste Matrix,

| No; | PoFf-soF | Fojom | O, Oxde) cop
- e 9= e | pPT |PET Terr
Ca*? : PPT | PPT | PPT PPT PPT | PPT
Cr*? - PPT PPT PPT { PPT | PPT
Fer | PPT PPT | PPT PPT | PPT
Na*
La®_ 1 . b PPT | PPT.| PPT | - PPT | PPT
-~ dMe* __ 1 4-PPT ;o | PPF-; PPT{ - PPT PPT PPT
y+e NL PPT PPT NL | PPT PPT
PPT = Precipitate forms.
o . .NL = Precipitate formation not likely under tank conditions.
«  Calcium carbonate, CaCO, . Caictum chromite, CaCr,0,
,,,,,,,,, e Calcium oxide, CaQ . Calcium silicate, CaSiO,
- ~Calcium sulfate, CaSQ, T e Calcium hydroxide, Ca(OH),

o Chromium(I) fluoride, CrF, . Chromium(IIl) fluoride, CrF,

+  Chromium phosphate, CrPO,®#2H,0 . Chromium hydroxide, Cr(OH),
. Chromium dioxide, CrQO, . Chromium monoxide, CrO

. . Iron(Il) fluoride, FeF,

» . Iron(Il) hydroxide, Fe(OH),

Chromium oxide, Cr,0,
Iron(III) fluoride, FeF,

« Iron{lll) hydroxide, Fe(OH), . Iron(II) phosphate, Fe,(PO,),
e Iron(lI) phosphate FePQ, . Lanthanum hydroxide, La(OH),

«  Lanthanum oxide, La,0, . Lanthanum fluoride, LaF,

+  Manganese diflouride, MnF, *  Manganese triflouride, MnF,

»  Manganese phosphate, MnPQ,® H,0 . Manganese hydroxide, Mn(QH),

T e Manganese dioxide, MnO, . Manganese oxide, Mn,0,
Manganese(IIl) hydroxide, MnO(OH) Uranyl phosphate, UQ,HPO,®4H,0
Uranyli hydroxide, UO,(OH), Uranyl sulfate, 2(U0O,S0,)®7H,0.

-~ ----  Insoluble aluminosilicates are suspected of binding the *'Cs. *Sr may be held by several
T possxme insoluble ionic compounds There are many more p0331b1e and complex compounds
~=-  that conceivably could exist in the waste matrix. This list is not meant as authoritative or
exhaustlve and the alkaline nature of the media may substantially alter the phase equilibria
for some of mese matenajs However it does prowde a reasonable starting point for any
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8.0 CONCLUSIONS

Analyses of the waste show a very small number of analytes comprising a disproportionate
-~ - .--- majority -of the-waste, -Water is the single largest analyre, making up over 75 percent of the
solids mass. Less than one percent of the total mass of the tank waste is drainable liquid.
Calcium, chromium, iron, manganese, sodium, lanthanum, bismuth, and silicon constitute
approximately 10.7 percent of the solids mass. PO,> and NO;y constitute approximately
7.4 percent of the total (i.e. soluble and insoluble) solids mass. The fraction of the total
“anions that nitrate and phosphate represent cannot be determined adequately because the
analytic_. method measured only soluble anions and it is known that there are insoluble

“ _tg,c,e,l_es_s _t.han 1,3 wc;ght percc.nt (d.ry basis) in each core and for the tank as a whole.
—-——--—- -However, the TOC assay method 1§ believed to biased low for this waste matrix and
individual segment results have been observed to be higher than the bulk value for the tank.

The only significant gamma emitter found in the waste was '¥'Cs, and it was found at very
low levels. No meaningful regional concentrations (hot spots) of radioisotopes or fuel were
detected along the vertical axis in either core. The "’Cs concentration was relatively
_. _constant between individual core composites and their replicates; however, the concentrations
between coré 31 and core 33 differed by a factor of 2. In addition, the 570 concentration
- decreased by a factor of nearly 3 as a function of depth between segment 1 and segment 9 of
core 33. The major source of radiological activity was *'Sr, which was also at a very low
level. The bulk waste temperature in the tank, obtained from a thermocouple tree, ranges
between 16 to 20 °C (61 to 68 °F). The radiological activity of tank 241-T-111 waste
material was quite low, ranging from 0.3 to 10 mR/hr, measured through the drill string
No significant radiological actmty was found in the drainable liquid in the tank or in the
- ._ .. water digestion of the samples, but radionuclides were liberated readily in the acid digestion
______ - --sample preparation, as ﬁﬂd_i_i‘_.;_"qi'_t‘;q from the homogenization data. This suggests that *Sr and
i¥Cs are insoluble.

Cores 31 and 33 appear to have a T-Plant process flush disposed on top of 224 waste,
overlying a 2C waste heel. *'Am and "*'Cs decrease substantially as a function of depth,
“thus their profiles nommally agree with fill histories, although individual batches and process
---—-——— -UpSeLs can show characterisiics contrary to the general trend. These observations are
cons_xgtpnt with the historical information regarding the transfer history, and the ICP element
distribution through the segments. Discernable exothermic behavior was detected in the
upper segments of both cores 31 and 33, even though the magnitude of the exotherms did riot
agree with the TOC present. This lack of an identifiable fuel source was attributed to the
inability of the persulfate oxidation method to adequately quantitate TOC in this waste
matrix. Another hypothesis under investigation is the potential contribution of an exothermic
“'Inorganic reaction that has not been identified.
- Historical data indicated that 2C and 224 wastes were not expected to give any exothermic
(>

24
a propagating hazard. This prediction has been upheld
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for 2C wastes as no exotherms were observed. In the 224 wastes, even though some small

- —--amounts of oxalaie were indicated in the flowsheets, no reaction was expected. Calculations
of the bulk waste inventory and inventories for several analytes of interest to the various
safety issues [organics (as TOC), NO;, ¥'Cs, %Sr, plutonium, and water] were made. The
calculated TOC by weight percent was smaller than the watch list criterion on a bulk basis,
but the energetics results do not reconcile well with that interpretation, and indicate that the
organic content in the tank may be disproportionately partitioned between the upper 100 cm
of waste and the remainder of the tank. However, it is important to note that the organics
concentration, even in this hypothesized enriched layer, may be too low to support a
self-sustaining reaction in its present state. Reactions were observed only after all water had
been removed from the waste matrix, and water makes up over 75 weight percent of the
waste, providing an enormous heat sink to be overcome before reactions can be initiated.
Both the historical and analytical data from tank 241-T-111 strongly indicate that the waste
lacks the fuel concentration needed to sustain any propagating exothermic behavior or a heat

-~ source-intense enough to trigger a reaction. None of the other calculated bulk inventory
values exceeded any level of concern (see Table 8-1).

Experimental and analytical evidence from tank 241-T-111 waste suggests the risk from
organic compounds in this particular Hanford-Site high-level waste tank is acceptable and
that a propagating exothermic reaction under current and near-term tank operating conditions

is not credible.

Table 8-1. Comparison of Tank 241-T-111 Analyte Values to
Safety Issue Criteria.

Safety issue Calculated/

A L

nalyte criteria’ measured value

AH (dry basis) -75 cal/g In excess of -215
cal/g

239/240py 50 kg 9.2 kg

Temperature 300 °F (149 °C) 16 °C (60.5 °F)

Heat load 11.72 kw 0.08 kw

Organic content 3.0 wt% TOC 1.3 wt% TOC

(TGC, Dry basis) (This result is likely

(10% sodium acetate equivalent) biased low)

'(Lindsey 1986, RHO 1988, Boyles 1992, Reep 1992)
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8.1 RECOMMENDATIONS

_ The following recommendations are made based on the data and analyses presented in this
report and the goals of the characterization effort.

» Investigate the potential existence of alternate transfer paths from T-Plant.

»  Examine more closely the chemical behavior, reactivity, and composition of
Turco decontamination agent.

_ e ___Continue to characterize tank 241-T-111 sample matrices at PNL.
« Investigate the possible kinship between tank 241-T-111 and other tanks.
»  Research and develop improved assay methods for TOC.

» Investigate observed discrepancy for alpha-emitting radionuclides (especially
B9240py and U).

8-3
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Tank 241-T=111 Core 3] and Core 33 Introduction and Narrative

t
Introduction

The analyses in this data packige were performed by the Westinghouse Hanford
222-S Laboratory or tha 8attells Pacific Northwest Laboratory (PNL) under the
guidance provided in the °Waste Characterization Plan for the Hanford Site
Single Shell Tanks® (WHC-EP-Q210) and the “Sampling-and-Analysis of Ten Single
‘Shell Tanks® (WHC-SOW-91-0006). The quality control for single shell tanks is
described in appendix D of WHC-EP-0210. - -Additienal support data can be found

-_in.appendix I of WHC-EP-0210. Laboratory cperaticns at 222-S are performed

according to the "Quality Assurance Project Plan for the Analysis of Highly
Radicactive Samples in Support of Environmental Activities on the Hanford

-Site* (WHC=50-CP-QAPP-002) unless superseded-by-the waste characterization

-~ — plan,appendix D, the associated SOW, or the Technical Project Plan (TPP).

~7 of_the-bismyth phosphate process at the 8 and T plants.

Tank 241-T-111 (referred to as T-1l1 in the remainder of this package) is a
single shell tank built in 1944 with an operating capacity of 500,000 gallons.
T-111 received 488,000 gallons of "2C" and "224° type wastes through February
1976, and is classified as EHW (extremely hazardous waste). During early
remediation efforts, ending in 1878, nearly 25,100 galtons of Tiquid was
pumped out of T-111. The "2C" waste was from the second decontamination cycle
g This waste consists
of-the 1iquid remaining after precipitation of the plutonium. The *224" waste
was from the final decontamination and concentration stage of the bismuth
-phosphate -In this stage, first the by-products and then the
plutonium are precipitated with lanthanum fluoride. Historical data: indicates
the major components and estimated concentrations of these wasta streams are

- -as follows.

Component 24 (mol 2C [mol/1}
81 0.0062 _.n. 009z
e T 6.0009 0.0025
F 0.31 0.22
- Fe - 0.023
oxalate 0.028 -—
K,_ _ Q,Zﬁ ==
~ La 0.0014 -
Mn 0.0045 -—
Na 1.78 2.04
nitrate 1.06 1.27
hydroxide 0.59 -—
~ phosphate 0.049 -
31 - 0.37
sulfate - 0.82
T - T 4
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Based on prior knowledge, cores from T-11] were expectad to contain 8.5
segments. The first segment is normally the partial segment. Three cores
were obtained from T-111 - cores 31, 32, and 33. Core 32 was not analyzed as
the recovered material, all liquid, was cons{dered not representative of the
tank. No drainable liquids were recovered from cores 31 and 33. Drainable
liquids are defined as quantities greater tham 25 mL. Less than 25 mL
quantities are blended back into the sample. Homogenizatian tests were

sl e

performed on segments 1, 3, 5, 7 and 9 from core 33. Two composite samples

. __wers prenzred for core 3] and core 33. Sample identification is gbtained from
----the ®sampie point™ section on the amalytical card. A sample from core 31,

segment [ s designated *Tl11-C31-51". Similarly, a sample from composite 1,
core 33 is designated “T111-C33-C1", and i homogenization sample from cors 33,
segment 5 is designated *T111-C33-SSH",

A11 of the segments, with the exception of segment 3 of each core, were a
homogeneous brown-black mud-like material. The bottom half of segment 9 had a
white layer. The homogenizaticn- test for segment 9 used the entire segment

- -7 .. (both phases) from core 33.  Additianal amalysis (acid digest, water digest,
- === 7 'ICP, GEA, TA and IC) were raquested for the white layer on material from core

31. This sample is designated *T111-C31-$38°., All samples from T-11}
exceeded the six month holding time Jimit,

Fifteen samples were sent to PNL. Volatile Organic Analysis (VOA) were

. requested on 6dd numbered segment samples for both cores and rheology on even

numbered segment samples-for core 31. The VOA requested for segment 9 is on

"~ the white phase only. Samples from both composites fram each core were
___submitted for semi-V0A; Extrictable Organic Halides (EOX), As, Se, Ni-63, Pu

__.and U isotopic analyses. These samples and the requestad analyses are as

follows.

VOA: core 31, sagments I, 3, 5, 7, 9.
core 33, segments 1, 3, 5, 7, 9.
——-- - Semi~¥0A, £0X, As, Se: core 31, composites I, 2.
core 33, composites 1, 2.
Ni-63, Pu and U isotopic: core 31, composites 1, 2.
core 33, composites 1, 2.
YOA, semi-VOA: hot cel) blank.
field blank.
Rheology % Physical: core 31, segments 2, 4, 8.

The required QC is listed in table D-5 of appendix 0, WHC-EP-0210. In
summary,—the reguirements are:

one laboratory control standard per analytical batch,

one blank per analytical batch,

- one matrix spike per core-or per matrix changa,

100 ? duptfcates an all homogenization test samples and core composite
samples, . - - -

one duplicate per analytical batch for direct segment -samples,

]

A2 ~ - xm
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= —-—---=-a-duplicata to-verify each getectad exotherm fer DSC analysis.
The exceptions to the above guidelfnes are:
- % water is always ran in duplicata,

«—$p=50, “Se=79, Te-99, 1-129, Pu and Am have a spike or carrier added to
each sample, so no additional matrix spikes are required,

= BEA and pH do not require a spike, {
- a matrix spike for Np is requested on each sample,

- ICP, HYAA, CVAA, and IC require additional, method specific QC.
Instrument calibration and check stiandirds are run according to
specific procedure protocols.

Sample analysis are repeated at least ance if the spike recovery is outside of

. 100 ¥ #.25 % {provided tha spika concentratisn fs at Jeast 25 % of the sample

- " concentration), or the duplicates have a relative % difference greater than 20
z (prov1ded the analytical results are greater than 5 times the detection
l1m1t} IT the or1ginal problem remains after one re-run, and the chemist has

----- . axplanatieon or *fix®, additional re-runs are not required. These
s1tuations should be described in the ®"Analytical Batch Summary Sheet*
described below. The entire batch does not have to be re-run unless the
standard or blank for the batch failed.

———-—— - —--A-"Characterization Change Notice® was impTemented during the T-111 analysis.
“The intent of the form {s to document minor changes ifn analyses and deviations
from the SOW or waste characterization plan. These are attached at the end of

the summary section.

A “Chemist's Batch Summary Sheet® form was introduced for T-111 sampie
analysis and appears at the end of the amalytical batch. Since this farm was
.. —.introduced after analysis started, one may not accompany each sample batch.

- - The intent of this form is to document the chemist's initial data evaluation,
and to provide a means of obtaining descriptive results from the chemist and
chemical technologist on each sample batch. While not required as part of the
final package, these forms will aid in preparing this narrative and provide
insight into some of the problems encountered during sample analysis.

A1l analytical data for the package appears in a summary section. The
summaries are lotus spread sheets intended to aid in review of analytical
- data, and may not include all of the associated laboratory control standards,
~— ----dates; or laboratory identification numbers (J numbers). The spread sheet
summaries display analytical results, blank data, detection limits, LMCS
" recoveries and spike recoverfes, and using this data, calculates averages for
duplicatas, the relative percent difference between the duplicates, a mass and
charge balance (described below), a ratic of the result to the detectian
limit, and various inter-comparisons throughout the summary. Secondary spread
sheets are supplied that compare the core composite and homogenization
d'ﬁ icate and average results. Since a spike is not required for each sample,

a 15 copied with each associated sample. "Less than® values are not
~any of the spread sheet calculations.
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A1l analytical results are "wet weight® values, based on the actual extrusion
‘weights. To convert to dry weight, divide the “weight wet value® by the
T weight fraction of solids (100 - Zwater / 100). All the preparation blanks
and detection limits are reported in the same units as the sample results by
assuming a typical sample size. This is done to provide 3 direct comparison
of the background and deqree of contamination present in the method to the
sample results. Since the sample size is estimated, 3 “Tess than® valuye
providad for a sample could be slightly Jower than the given detection limit

or blank value. R

A charge balance i3 calculated for each core composite sample in the
analytical summary. The charge balance 15 caleulated by ratioing the

-——--ggudivalent charge of the cations ta the anions. As an example, the equivalent
charge of sulfate is calculated as follows:

__aversge ug/q sylfate
milliequivalent weight of sulfate * 1000

Only the major components are used for these calculations, those with a
concentration greater than 1000 ug/g. The cations used are Ca, Cr, Fe, Ma, X,
Na, Bi, and La from the acid digested ICP resulits. The anions usad are
fluoride, nitrate, phosphate (calculated from the P on the acid digested [CP
result), sulfate (calculated from the S on the acid digested ICP result), and

- e - -acktate (calculated from the TOC results). The ratio ranges from 1.3 - 1.5.
Proper incorporation of hydroxide would probably improve these ratios, since

o .. -there-{s-avelatively large uncertiinty in the assumed molecular speciation

7T 77 7T model. S

A mass balance {s calculated far each core composite sample in the analytical
summary, using an "oxide model® as the basis for the calculations for metals
and the anions were present in their normal forms. The mass balance is the

- sum of the weight fractions of the major constituents (those with a
concantration greater than 1000 ug/g). As an example, the weight fractiom
calculation for £30 15 235 follows:

. of £a * melecular weight of €
7 (atomic wt of La * 1000000)

The components used in calculating the mass balance are B8i, Ca, Cr, Fe, Mn,
Na, U, F, nitrate, phosphate, sulfate, water, X, and La. It was assumed that

.- —-ali-but X, Na, and F were present as oxides. The ratio ranged between 0.93
and 0.96.

SECTION I: EXTRUSION AND SAMPLE DATA

Visual

A summary of the extrusion data, entitled *Physical Properties Summary*®, is
... _provided with the segment data. This is a compilation of all the recoveries
for each segment of each core, with an associated percant recovery,
penetrometer reading, and density. Photographs of the extruded segment are
included in the data package. All velumes given that are less than 180 mL
(100 % recovery) are estimates provided by the hot cell chemist. Segments
marked with an asterisk on the summary sheet were recovered from sample

CAE =
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_containers with the valves left in the "open” position (the waste was thick

enough to remain in the container, even though the valve was not closed).

The extrusion data for core 32 will be included in the core 31 package.

LX 2

The sampler was almost empty. It contained about 50 mL of
homogeneous, black-brown, low viscous solids. The entire sample
was used in VOA and DSC/TGA sampling. There was a tiny amount of

Segment 1

1iquid, not enough to observe characteristics. t
— Segment 2: The sampler was- :nmp? tely full of homogeneous, dark brown %o
o oo oo -——— - Black solids with the consistency of swamp mud. There were no

drainabie Tiquids.
Segment 3: The sampler was completely full of homogeneous, dark brown solids
—-that had the consistancy of swamp dud. There were no drainable
liquids.

- Sagment 4: Most of the sampler was full of the sime dark brown homogeneous

solids. The top 1/8 of the extruder was filled with a more
*1iquidy” solids than the rest. There were no drainable liquids.

Segment 5: The sampler was completely full of the same dark brown homogeneous
solids and contained no dratnable liquids.

Segment 6: This sampler was empty, the valve was left in the open position.

- -—- - -—Segment-7:-The-sampler was completely full of the same dark brown homogeneous

solids and contained no drainable liquids.

Segment 8: The sampler was completely full of the same dark brown homogeneous
salids and contained no drainable liquids.

Segment 9: The sampler was completely full of solids, the same dark brown
solid material at the top, but gradually whitened down the
segment. While the color varied, the consistency of the material
was the same as all the other segments in this core.

~==a ﬁA
iJrE S4

Segment 1: Contained about 30 mL (58.70 g) of ®dark dishwater grey aqueous®
liquid with about a2 2 mm layer on the surface. There was a layer
of bubb]es covering the thin top layer, and adhering to the sides
of the jar. No solids ware coilected.

Segment 2: Contained about 170 mL (88.35 g) of dark grey liquid with dark
grey particles suspended iR the Tiquid. There were only minimal
solids (enough for a YOA sample) that had the consistency of loose
mud or pudding and was dark brown/black in color.

Segment 3: Contained 180.90 grams of dark grey aqueous material. “No solids
were present. No volume was recorded.

A-5 "EQ
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Segment 4: Contained 182.48 grams of dark grey aqueous material. No solids
were present. No volume was recorded.

Segment 5: Contained 191.05 grams of dark grey aqueous material. No solids

»

were present. No volume was recarded.

Segment 5: Contained 185.52 grams of dark gEey aqueous material. No solids

were present. No volume was recorded.

~__Seqgment 7: -The sampler was empty, the valve was left in the open posjtion.

Segment 8: The sampler was empty, the valve was left in the open position.

Segment 9: Contafned 158.24 grams of Tiquid, with about 150 ml of aqueous
- —ooT o 77T 7 shgse and 8 mi of NPH. .

" No samples were taken from core 32 as the material was judged to be non-
resrasentative of the material {n the tank when compared %o cores 3! and 33.

No photographs were taken for segments I, 3, 4, 5, 6§, 7, 8, 9.

Core 33

Segment 1: The sampler was completely full of nearly black homogeneous
soiids, and contiined no drairable liquids.

Segment 2: The sampler was completely full of the same nearly black
homogeneous solids, and contained no drainable liquids.

Segment 1: The sampler wis completely full of the same nearly black
. homogeneous solids, and contained no drainable liquids.
Segment 4: The valve was left open on this core assembly. The exirudar was
; about 75X -full dark brown/nearly black homogeneous solids, and
contained no drainadble liquids. Color was slightly lightar than
previgus segment.

Segment 5: The valve was left open on this core assembly. The extruder was
about 7/8 fyll of the same dark brown homogeneocus solids, and
contained no drainable liquids,

amplar was nearly full of the same dark brown homogeneous

Segment 6: Th g
s, and contained no drainable liquids.

30

€A n

e
14
Segment 7: The sampler was nearly full of the same dark brown homogeneous
~-- - - - solids, and contained no drainable liquids.

Segment 8: The sampler was nearly full of the same dark brown homogeneous
solids, and contained no drainable liquids.

Segment 9: The sampler was completely full of solids, the same dark brown
S sclid material at the top, but the bottom 5-6 inches was light
colored. While the color varied, the consistency of the material
was the same as all the other segments in this core. The segment

L A6 g
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~ was divided into two parts., one was the hottom S inches of the
segment which contained most of the white material. A VOA sample
was taken from the top, and a DSC/TGA taken from the bottom.
These samples were Tater combined for the homogenization test.

A field blank and a hot cell blank were also taken for T-111.
-samples for 7-

__The. following numbers are the "J" numbers assigned as tracking numbers by the
222-S laboratory. The analytical batches may contain information from other
sample numbers because of the way the samples were grouped for analysis.
Results from other samples should be ignored, since they will be included in
the data package for that specific segment.

CORE 31 CORE 33 CORE 33 (Homog. Tests)
~- -Segment 1 J308, JiG§ J3l9, J320 J3%6, J397, J398, Jisg
Segment 2 J310 J32l, Jiz3 NA
Segment 3 J3li, . J3ade , J400, J401, J402, J403
Segment 4 J3l2 J325 NA
Segment § Ji13, J31s  J326, J37 J404, J405
Segment 6 none (empty) J328, J32% NA
Segment 7 J315, J31§ J330 JA0&, J407, J408, J409
Segmant 8 J317 Ja3l NA
Segment § Coooa31s . o d332, g3 J410, J4ll
- Segment 38 J412, J413, J414 hA NA

. Core 31 composite 1 _  JA41S, J4l§ J417, J424, J425, J426, J432, J433, J418,
: J439, J440, J447, J448, J449, J455, J458, J457, J464,

_ J485, J466, J472, J478, 0479, J480, J493, J60§, J6O7,

"'Jb08, J609, J610, J611, J630, J631, J632, J641, J642,

i~
I

J419, J427, J434, J4d1, Jas0, J459, J467, J478,

Care 31 composite

r-9421,-d428, -J429, J430,-J435, J436, J442Z, 443,
J451, Jé52, J453, J460, J461, J462, J468, J469,
, J476, J487, J488, U489

Core_33 composite.

y—
Ca € €Co Lo
g =
) de N3 [= ]
WO

--Core 33 cemposite 2 -—-J422,7J423,-J43], J437, Jé446, J454, J463, J4T71, J477

a7 10
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Hot cell blank J494, J495, J496, J498, J439, JS00, J502, J503, J504,
J506, J508, J513. J517 |

SECTION Il: SEGMENT ANALYSIS

TeA -

Thermogravimetric-Analyses and Differential Scanning Calorimetry (DSC) are

performed on every vistble phase of the waste, prior to homogenization, to

Pﬁl ¥

evaluate the thermal properties of the waste., The TGA results give a measurs
of the weight loss with increasing temperature. The rasult obtained From TGA
is a weight % witer. The TGA X water (percent weight loss at 100 degrees ()

__may vary considerably, duz ta i1 combination of the small sample size and

sample hetercgeneity. The procadurs number for DSC, T042 A-01712F, has been
changed to LA-514-113, Rev. A-0. The procedure number for TGA, T045 A-~00712F,
has been changed g [A-580-112, Rev. A-0. These procedures are routine
Analytical Operations naow, rather thin Process Chemistry procedures.

_ The TGA results were S-7% higher than the gravimetric wt ¥ water, and ranged
from 70-87%. Where duplicatas were ran, there was good agreement, and results

were consistent aver i1l segment samples

% Water

More representative % water measurements are obtained with the gravimetric
measurements, also reported in the summaries. Duplicate % water analysis were
requested for all segment samples. However, the duplicatas for segments 2, 3,
4, 5, 8, 9 from core 31 and segments 1, 3, 4, 5, 7, and § from core 33 were

not requested until one month after the original samples were run. These
latter values are added to the summary sheet, but due to the summary sheet

format, the LMCS standard results are not included. The duplicate values for

segments 2 and 4 from core 31 (32.60% and 59.50%) are probably low due tg the
sample drying out between-analysis; or from a nan-homogenecus “soupy sample”

- that would cause uneven sampling. There is no more sample for a re-run.

However, the original sample results and the TGA agree gquite well. There was
no sampls for & duplicate analysis of segment 8 from care 33.

R

DSC {s used to identify the potential of exothermic reactions from the waste

~ upon heating. In all cases, the identified exotherms were 3 to 4 times

smaller than the detected endotherms. The calibration frequency of the
instrument is determined by the chemist and is based on the instrument
performance on laboratory standards.

Core 31: Exotherms were detected on the sample and duplicate for segments 1,
Z, and 3. A very small exotherm, nearly an order of magnitude smaller, was
detected for segment 4, and was not verified with a duplicate. No exotherms
were detecied for segments 5, 7, 8, 9, and 98 (the white Jayer). The
temperature ranges for the axotherms were between 200 and 405 °C, with the
energy around 300 J/g. The small exotherm had an energy of 55,7 J/q.

Core 33: Exotherms were detectad on the sample and duplicate for segments |
and 2, and only the sample for segment 3. The duplicate did not show an
exotherqi The temperature ranges for the exotherms were from 179 to 438 °C,

A8 11
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with the eﬁz}gy around 300 J/g. The exotherm for segment 3 was small, about
50 J/g. No exotherms were detected for segments 4-9,

Particle Size

*-——*‘”‘Fiftfﬁ}i"ffZE”iﬂi%YSié"i?é performed on every segment from every core to
support the evaluation of potential waste retrieval methods. Small aliquots
of the wastes were suspended in a water matrix using sonification before

P |

_measuring the particle size by laser technolegy. - The data-are summarized in a
--- - table and four piats of probability number and probability velume-density and

Tha procadure number for particle size analysis listed

in the Technical Project Plan (WHC-SD-CP-TP-070, rev Q) is incorrect, and

~ should be T044-A-01712F.
Pgnetrometer

men whita 1 P

_ . _Penetrometer readings are taken -for each segment at axtrtsion. All of the
segments were soft, with readings <100 psi.

In addition to the above analyses requested for each segment, ICP, IC, GEA,
and TA were requested on the white portion of segment 9 of core 31. The
sample was taken after the white layer had been homogenized. The ICP and TA
resemble the homogenized segment data, and the IC resembles the core composite

~data. The spike recoveries for the ICP were bfased Tow. There were no

other segments.

General Comments

a

~_sxotherms detected, and the ¥ water was 70 ¥, about 5-10 % lower than the

Because of the qualitative nature of TGA, 0SC, particle size, and penetrsmeter
- analyses, no detection limits or precision and accuracy statements are

required.

_SECTION III: HOMOGENIZATION TEST ANALYSES

[ntraduction

=

decontamination for reuse.

te-tank-samples have 2 wide rangs of phvsical characteristics. Methods for
~ 77 homogenizing waste samples are limited by thair app

-
.
b ]
I3

pplicability to hot cell

operations and how well they lend themselves to remote operation and

Homogenization tests have been incorporated into

the single shell tank characterization program to obtain estimates of the
errors resulting from homegenization-techniques employed during analysis. The
evaluation of this data will support decisions made using the data and

“77 7 identify areas where homogenization procedures may be improved.

Homogenization

Homogenization tests are performed on segments. After the segment has gone
through the homogenization procedure, two sub-samples are taken from two
~7T 7 7 _different (top/bottom, left/right) locations in the homogenized segment. Each

of the sub-samples are analyzed in duplicate to obtain estimates of the

A—g -



WHC-EP-0806
WHC-SD-WM-DP-024 ADDENDUM 4, REV 0

analytica1‘3rror. The differences in the resuits obtained on the two sub-
samples will provide homogenization error. A statistical analysis (beyond the
scope of this narrative) of the varifance must be performed to differentiate
between the analytical and homogenization arrors. CEach homogenization sample
was analyzed by GEA, ICP, and TA on an acid digested sample. The acid

. digestion 1s-the same as that used for normal ICP analysis. -

Sub-samples

Homogenization tests were performed on segments 1, 3, 5, 7, and 9 from core
33. See the listing above for the J numbers assigned to the homogenization
samples. The results are compiled in the summaries entitled *T-111
Homogenization Analyses® and *Homogenization Test Summary®. One spike was
considered sufficient for the homogenized sample data. A comparison of the
RPD’'s-of the duplfcite results of each sample to the RPD of the averages of
the two sampies (see summary) shows virtually no difference for those elements
well above their detection limits. This tank probably is not a good test of

‘homogeniZation procedures, as the segment material was very uniform at

extrusion. Even the white material in segment 3 was chemically similar to the
rest of the segments, with the exception of segment 1. Segment ! has much

_higher concentrations of Mn, Pb, Ag, and In when compared to the other

segments, while BY and La are much lower., The spike for the gross alpha on
segment 5 was censistently high even after several re-runs.

SECTION IV: CORE COMPOSITE ANALYSES

Samples are preparsd for core composite analyses using an acid and water
digestion, and a KOH fusfon. [CP and HYAA are run on the acid preparation,
ICP, IC, nitrite by spectrophotometry, pH, ammonia, TOC, TIC, carbon-14, and
tritium on the water digestion, and ICP and the other radiochemical analyses
on the fusion preparation. The XKOH fusion is contaminated with Ni from the
crucibles used. LMCS standards for the acid digestion go through the sample
preparation procedure. Stindards for the water digestfon and fusfon are not
run through the sample preparation procedures.

ic?

The ICP? data is reported using a CLP software package from WARD Scientific Ltd
(WARDS), and fs used to generate the spread sheet summaries instead of the
analytical cards. The calculations on the anmalytical cards are preliminary
calculations performed by the instrument technician to access instrument
operation and are not used in the final report. N

WARDS utilizes the concept of a sample delivery group-{SDS)}, and batches

--spiks; duplicite, ‘instrumént control standards, blanks, serial dilutions,

interference checks, and narrative information for each sample group. If the

o oopesiit s below the detection limit, the CLP .report format will return a 200%

-RP0 for qupiicates and a 100% for serial dilutions. On all pages except the

‘duplicate® page (form YI-IN), any values less than the detection limit are
replaced with the instrument detection 1imit, and should be interpreted as a
*less than® value. The duplicate page (form VI-IN) reports what the
{nstrument measures, and may include negative numbers. Since it is this page
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~~ .= ———- -that is used to generate the "result 1® and *result 2° columns in the summary

sheets, negative values are included.

‘On the page in the WARDS package designated "COVER PAGE - IN®, the answer to
the third question, °...were raw dati generated before appliication of
background corrections?® has been changed to "no" based on the chemist's
interpretation. This change does not affect the data or evaluation of the data
in any of the WARDS packages generated in support of the S$ST program. The
~ WARDS package Sample Delivery Group (SDG) number has a */** suffix, where the
* is °N" for no sample preparation, “W°® for water digestion, °F" for fusion,
and "A* for acid digestion. This was not implemented until after analysis
began on T-111, and so most of the WARDS packages will not have this
identifier. The case narrative provided with each batch flags areas that
would not meet CLP criteria. The WARDS packige is configured to report all
elements requested in the SOW except T1, Th, and U, and report the additional
~elements 8, Ce, L3, P, Sr, §,-and Ti.- Form-I-IN -will-net show negative
results for individual determinations, while Form VI-IN dees. The WARDS

Tcadl e

results used in compiling the master summaries are taken from the VI-IN form.

ICP analyses are ran on acid and water digests, and a KDH fusion. In the data
summaries for the T-111 package, the preparation blank and the detection limit

values for ICP have been converted from ug/L to ug/g by estimating the typical
sampie size and dilution involved in the preparation procedure. The acid and

—— .. water bTank and detection limit results (ug/L} were divided by a ficter of 10

77777777777 must-be-at-least 25% of the samp

because the acid and water preparaticn procedures dissolve approximately 1 g
of original sample in 100 mL of liquid. The fusion blank and detection limit
results were divided by 2, as this preparation procadure dissolves

"~ approximately 0.5 g of sampTe in 250 mL of Tiquid.

— The units_ for_the *SA® column (spike added) on form V-IN arz "mg/kg® for the
pre-digestion spiked acid sample preparation, and “ug/L® for the post
digestion spiked water and fusion sample preparations. Spike concentraticns

h ¢ concentration for proper evaluation.

b

ailure criteriy for an entire WARDS packige are under development. Since
each [CP run generates results for 32 elements, there will always be som
failures on each run._ Thesa failures are.identifisd . in the -narrative
issociated with each WARDS package. Failure criteria should be based on the
absolute failure rate of either spikes, duplicates, LMCS standards, and
calibration standards, but tempered by the relative importance of the

-—- -—--individual. element that failed. For example, LMCS and spike recoveries may be

generally high for Na, Ca, and Fe from contamination of the blank and sample
during preparation, and Si and 8 from the use of glass containers during
-~ sample preparation. Spike or LMCS failures noted for these elements should
not invalidate the entire WARDS package.

0. Several factors noted {n the WARDS packages for T-111 create Tow spike

recoveries and were noted by the ICP chemist. Silver recoveries are commonly

low due to the precipitation of Silver Chloride. Poor recoveries of [ron,

Hagnesium, and Calcium accompany high Preparation B8lank values, but the

correlation is poor. Spike failures for major elements are frequently caused

by a high element concentration in the sample. When the added spike

concentration is fnsignificant compared to the concentration of the s]ement
~ present in the sample, a failure generally occurs.

A
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The major elements detected by ICP analysis of the acid digestian were Ca, Cr,
Fe, Mn, K, Na, 81, La, P, and 5 (all greater than 1000 ug/g). Cr and Pb
concentrations (1.86E+3 and 4.7S5E+2 ug/g respectively) would both exceed the
100 ug/g TCLP limit, assuming 100% leachability. The WARDS package performs
o inter-element corrections for Al, Ca, Fe, Mg, and Cr. Calcium and magnesium
"7 7 contamination often occurs as a result of the powder on the gloves used by
laboratory personnel. The ICP analysis of the fused sample is used to
evaluate the completeness of the acid digestfon procedure, and to identify any
- - --acid insoluble compeunds. The K resuits in the WARDS package often over
" ranges on the fusion, giving the impressfon that no K was in the sample.
Ratios of the ICP resuits for major elements appear in the data summaries, and
are ysed to estimate consistency and speciation. The fusion/acid ratio shows
good agreement for Al, Fe, Na, P and Sr. Si and T{ are an order of magnitude
higher in the fusfon, while 81 is slightly higher in the acid digestions.
Based on the ratio of the acid and water ICP data, about 10 % of the Cr is
... ..water seluble (CrVI). HMost of the Na is soluble, but anly 50 % of the
o phosphate, and essent{fally none of the Mn is soluble. There was ns La
reported for the water digasted composite LMCS standard for core 33, and no Ir
detection limits reported for the core composite samples. The Si results for
IC2 en all T-111 analyses are known to be biased Tow due to an undetermined

intarference.
CVAA and Wva

Cold vapor atomic absorption (CVAA) was used for Hg analyses. The Hg results

for T-111 ranged from 1.02-1.88 ug/g. The spike for core 31 was high (122%)

and lTow for core 33 (82X). However, both were within the plus or minus 25%

Timits. Al1 RPD’s were less than 13X. Due to instrument and samole matrix

problems, the As and-Se-elemental analyses were performed at PNL by graphite
Cfirnace MA... - o o T

Anion and Wet Chemical Analvsisg

__Anions were determined on & water digestion of the sample. [lon chromatography
~ (IC) was used to determine F, C1, nitrate, nitrite, phosphate, and sulfate.
——-All-duplicates were within limits (<20 X RPD) and the results were consistent
over all the composite samples. Post digestion spikes are used because of the
== - frigh cancentrations of the anions. Nitrite, phosphate, and F concentrations
. -were high,- ¢consistent with the historical data available on T-111 waste.
Spike recoveries were biased low for 3 of the 4 composite samples, but within
the 75-125% limits. The § determined on the acid ICP, converted to sulfate,
agrees very well with the sulfate detzrmined by IC, while the same comparison
-—of P with the phosphate shows the converted P a factor of 2 higher than the
phasphate. This indicates that only S0 %X of the phosphate is soluble. The pH
is very consistent at about 10, while only *less than® values were obtained
for ammonia. All the TIC results were near the detectfon limit, with goad
reproducibility and spike recoveries.” TOC results were nearly an order of
7T 77 magnitude higher (2000-3000-ug/g). AJ1 amalytical units were changed to ug/g
"~ for the data summaries, and may not agree with what {5 an the analytical card.
. -All cyanide-results gbtainad wers *less than® values. Both the % water and
~ 7GR results were between 75 and 80 ¥ with good precision over all the core
_ composite samples.
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. Most of-the radionuclidas are determined on _the fusion due to the acid
" __insolubility of actinide and Sr compounds. Tritium and C-14 are determined on
i —-tha-water digestion, and Ni~83 {analyzed at PNL Taboritories) s determined on
the acid digestfon. There are indications that I-129 is lost during the
. _ _acidification of the fused sample, which will require the development of an
777 alternate digestion procedure for future work. In the cases where two spike
recoveries are reported in the analytical summaries, one under the other, the
o spike recavery fs used to correct for chemjca] yteld. The second spike
- —- —- — (bottom) corresponds to the duplicate resuit. Pu-Z38 is reported as part of
__ the Pu=239 analysis. using the spike data from the Pu-Z39 procedyre. (m-244
would be reported only if seen on the Am-24] mount. The relative counting
error reported is based on gross counts, and will under-estimate the counting
error in those samples close to the detection limit (where the gross counts
- ---—— - -3pd the background counts are nearly the same). Calibration data for GEA
Tabeled as detector “14° is data for detector "4°,

e . _During calibration updates, the new calibration file name for individual
~_ detectors have a "1° added (4 to 14) to avoid erasing the old calibration data
o prior to validation of the new calibration data. For T-111, the new
o .——-. -calibration- file name was not changed back to "4°. Calibration of the alpha
proportional counters (APC) is performed as follows. A standard sourca is
prepared by the standards laboratory and used to calibrate one of the thrae
- _detectors.  Since the calibration standard is not durable enough for daily
use, a secondary source is prepared and the d/m value of the secondary source
is assigned using the calibrated detector. The secondary source is counted
daily on all three APC’s and tracked using the LMCS system. The detectors
pass the daily check if the calculated efficiency for each detector is within
S0% + 0.25% (100% "recovery®"). The LMCS data for the APC’'s and EDP codes are
listed in the "Precision and Accuracy Statement® section.

Poor spike recoveries were obtained for uranium on core 33, but the data
~ across 311 the core composite samples was consistent (between 2000-3000 ug/g).

. Total alpha and tot2) heta RPD°s were normally under 5% with qood recovery on

- the-spikes. The totai alpha results were twice the sum of the Pu and Am
results, indicating 1) the potential presence of undetermined alpha emitters,
2) beta cross-talk (unlikely due to the beta activity present), or 3)
incorrect Pu or Am recoveries {incomplete exchange with the spike). This Tast
scenario is unltkely due to the consistency of the ratios, and the excellent
agreement betwe2n the Am-241 results obtained by gamma spectroscopy and alpha
spectroscopy. The ratio of the total beta to the sum of the Sr/Y and (s-137

~---- -- results show good agreement (.99] te 1.00) for the activity balanca of the

© 7 " beta emitters. When sample °J-470° was rerun for poor spike recovery, a blank

was not included in the analytical batch.

. _5r-3Q_spike recoveries were consistently 90-35%. Results for core 31 were
around 7 uCi/g while core 33 was around 3.5 uCi/g. These results vary more
than the elemental Sr results from the fusion ICP, where the results are

__consistent across both cores (280-310 ug/g). Tc-99 results were low, within &

T Sl factor-of 5 of the detection. limits but spike recoveries were adequate (67-

74%). The results for Se-79, H-3, and C-14 were at or below detection limits,

while spike recoveries ranged from 85-95%. No standard material is available

A-13 16



WHC-EP-0806
.. WHC-SD-WM-DP-024 ADDENDUM<, REV 0

for Se-79. The tritium procedure LA-218-113 was changed to LA-218-114 for T-
- --111 analysis= This procedure uses microdistillation columns in place of the

normal glass distillation equipment.

coveries ranged from 50% to 90%, while Am recoveries were poor,
238, Np-237 or L{m-244 were prasant above detection Tevels.
s for Np=237 were consistently low at around 70%.

The Pu spike
10-20%. No Pu
overi

Saike rec

Am-241 and Cs-137 were the only isotopes that were consistently found at
- quantifiable concentrations by gamma spectroscopy. No spikes were fﬁﬁ“33ted
for gamma spectroscopy.-- As stated abave, the beta activity based on'the Cs-
~ 7777137 results from gamma spectroscopy agreed with the gross beta determination,
and the Am-24] results from gamma spectroscopy agreed with -the ilpha
--—- - —-spectroscopy results for Am. I-129 resylts were all “less than" values,
___ - thersfore no coiunting error could be determined. The preparation blank for I-
129 for core 33 was invalid based on spike. recovery, but was aot re-run 3s all
e resilts were “Tess than® values. The spike recoveries ranged from 39% to 57%.

Phvsica] Measuraments

DSC, TGA, and weight X water was performed on each core composite. Exotherms
were observed (in duplicate} for both composite samples from core 31, but no
exotherms were observed for core 33. This is not surprising, as the exotherms
were small on the segment analysis and were done prior to homogenization.

TGA and X water resylts are in the same range as found on the segment samples,
75-85%, with the TGA results being consistently higher than the < water.

TCLP Results

A TCLP extraction was performed on the waste using a TCLP procedure scaled
down 3 factor of 10 for radfoactive samples. The matrix spike was added
before the TCLP extract was preserved and acidified (per SW-846 procedyre),
recognizing that possible precipitation of the spike material could resylt in
low spike recoveries. In order to meet the duplicate, spike, and blank
requirements of appendix D, the following sampling and digestion scheme was
used on T-111. Compasite -l-3nd composite Z from core 31, composite ! from

~ core 33, and a blank were run through the TCLP digestion procedure. The
composite ! TCLP digests from core 31 and core 33 were spiit into two sub-

—.-samples, and one sub-sampie from sach digestion was spiked with the TCLP
metals. A1l sub-samples were acidified. Each sub-sample was acid digested in
preparation for analysis, with the unspiked sub-samples from hoth cores again
prepared in duplicite (split into two samples prior to acid digestion) to
determine analytical error. The composite 2 and blank TCL? digests from above
were acidified, acid digested and submitted for analysis (no spike ar
dupliciate measurements).

_The RPD’s.were high for As, Ba, and Pb, but these analytes were present in
concentrations less than & times the detection limit. Cd was the only element
with spike recoveries within acceptable 1imits (greater than 75 %). A

-7 - comparison of spiking procedures is being performed on the next single shell

tank (C-110). Cr and Se both exceeded the TCLP limit. Good igreement was
obtained for thosea elements well above the detection limits.

A-14 17
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1 1 nd Hot Call B13

Field blanks are prepared by fil1ling a sample container in the field, shipping
it to the labs with the samples, extruding in the hot cell and collecting as
drainable 1tguids. The hot cell blank is a rinse of the extruder tray. The
required analysis for these samples are ICP, GEA, HYAA (As, Se), CVAA (Hg),
TA, T8, TOC, IC, and VOA and semi-VOA. The raw data for the field blank and
the hot cell blank is included at the end of the core 31 data package. No
duplicate samples or spikes were required on the blanks. The ICP was ran on
direct sample, so no corrections were made on the preparation blanks pr
detection 1imits. The ICP LMCS standard did not include Sr. There was

insufficient sample for duplicate ICP amalysis for the hot cell blank.

— -~~~ Hot eall blank: The major constituents in the ICP analysis were N2 at § ug/mi,
e

S~ - -were-sim

8 at 1.5 ug/mL and S1 at 4.75 ug/mL. All the rest were less than 1 ug/mL.

The balance of the analytes determined (F, C1, NO2, NO3, S04, P04, As, Se, Hg,
TOC, TA, TB, and GEA) were “less than' values.

lank: The major constituents in the ICP analysis for the field blank
ilar te the hot cell blank., The Na was at 8.07 ug/mL, B at 1.76

- Fleld b
i

b8
) ¢
L

T - ug/mk, and $1-at 4.47 ug/mL. - The rest-of the constituents were less than 1
ug/mL. Results greatar than the detection limits were obtained for F, NO3,
and PO4 on the IC, TB, and Cs-137 on the GEA. These levels of contamination
are insignificant when compared to the concentrations of these analytes in the

T-111 samples.

- --—--——Accuracy and prectsion estimates for the procedures used in analyzing T-111

core samples were compiled from the 222-S Laboratory Measurement Control

- System-({LMCS)-data base over-the pericd of April 1, 1992 through July 22, 1892
(the time period that the samples were ran in the laboratory). The average
percent recovery and standard deviatien for each analyte are determined from
multiple analysis of standards containing those constituents. Each analyte

--- -----and anatytteal system-has ¥ specific EDP code. A different EDP code is used

for each parameter, instrument, method, or standard usad in the system. When
‘more than cne EDP code {s provided, then more than one analytical system was
monitored. If no data was available for an EDP code for the time frame of
--interest, -the historical values based on earlier data has been provided. In
these cases, the number of measurements noted as "n" is recorded as "0°.
_ Historical data typically is based on 50 measurements.

No standard Se-79 material {s available from commercial suppliers of isotopes

o, -~~~ for the preparation of & standard. The LMCS standard data for OSC only
-—-- - ipndteates-that an exotherm is detected, and 100 X recovery is notad, The

LR

- results do not reflect errors caused by sample matrices, or special sample

- _preparation procedures used prior to applying some of the methods.

A-15
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The accuracy and precisfon estimates for T-]11 are as follows.

Average  Relative
Method _ Analyte EDP _n_ % Recovery Std. Dev. _Comments
Ice ~

LA-505-151 Al S102 46  96.7 4.9
sb Slo4 50  100.2 3.0 Historical
As S106 5  99.5 2.5
8a S108 35 96.9 2.6 o
Be 5110 -50  152.3 3.2
cd S116 21  98.5 3.5
Ca S118 42 96.5 3.5
cr s122 56  100.3 3.0
. -Co §124 6§  98.5 2.0
Cu S126 18  96.5 1.8
- Fe 5130 39 98.5 2.7
- Pb S134 35  98.3 4.7
Hq $138 30 98.1 3.7
Mn s140 33 95.0 2.8
Ni S148 31  98.9 2.7
K s152 37 99.3 2.9
Se Sis6 5  100.1 4.9
A3 S160 17 99.1 3.5
Na S162 49 96.1 2.3
v S182 12 98.9 1.4
Zn -~ S184 36  99.0 2.4
B si12 23 100.1 6.7
8 s114 9 95.8 3.0
La S132 14 103.2 3.0
P s150 31  96.9 4.2
s S1S8 23 94.4 5.1
N Sr . -S184 2% 96.3 2.2
) 5. 5166 32 100.1 3.2
sa SI7Té 3 97.1 4.5
Ti s176 13 98.1 2.2
Ir S186 9 lol.4 3.8
Ce $120 4 103.9 1.3
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Average  Relative .

Method  Anglvte  _ZDP _n_ X Recovery 3td, Dev, _Comments

CVAA
LA-325-102 Hg R716 18 102.8 6.0
IC ‘
LA-533-105 F R974 18 101.4 5.9
““““ T T K§TE 26 - §5.0 4.4
— . N3 _ R978 22 96.8 3.8 t
NO2 RSe8 22 101.2 4.9
PO4 R976 - 18 97.5 3.7
- SO& RS70 21 §6.5 3.9
SPEC
LA-645-001 NO2 S215 88 99.6 4.0
TOC/TIC
LA-822-102 TOC $223 74 103.8 3.6
LA-344-105 C03 S48
Dist/SPEC
-1 A-595-1401 CHM 242 29 99 .4 15
LA-895-102 ) _ S244 9 99.5 2.0
Dist/Titrate '
LA-834-102 NH3 §238 70 99.6 6.4
.~ .- 8238 7o 99 8 6.4
LA-925-106 U s267 111 100.8 8.2
Alpha '
LA-508-101 Tot Alpha S510 62 103.8 8.8
LA-508-104 APC 1 €011 112 99.9 6.11
APC 2 €012 112 100.0 0.09
APC 3 €013 111 99.5 0.10
" LA-508-114 Uet 14 ~ Ci42 176 99.7 4.8
Det 16 C162 169 103.5 5.3
Beta
LA-508-101 Tot Beta §518 5§ 98.3 4.4
LA-508-114 Det 14 Cl43 176 99.0 3.1
o Det 16 C1e3 170 99.7 7.4
Gamma :
TA-548-12] GBEA Cs-137 R901 28 101.9 2.4
Co-60 R90S 28 100.6 2.3
Alpha Spec
LA-503=156-- Py-238- - R211- 20 35.0 5.3
Am-241 R201 31 94.2 8.2
A-17
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e Averige  Aalitive T
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pha i1d, Qev, 59-5333

LA-833-141 Np-237 - s3g0 20 72.8 ‘ 13.1 '

aeti + * * | Y

LA-220-101 Sr-30 $376 30 9.7 5.4

LsS¢C :

LA-438-101 Tc-99 S383 67 108.0 7.8

LSC

LA~365-132 Se-79 no standard material avai1ab}e

.Gamma

LA-378-104 1-129 5828 18 107.8 9.1

LsC

LA-148-104 C(C-14 R9Q9 26 91.8 7.3

LSC |

LA-218-113 H-3 RSQ7 10 84.7 4.4

Gravimetrie

[A-584-101 % Watar S$360 63 100.3 1.3

Thermal

LA-561-112 TGA $362 6 58.8 1.4
Rg2s 10 ~ 98.5 1.9

Thermal

LA-S514-113 QSC $238 16 100 0

oH

LA-212-103 H+ S348 & 100.6 0.15

\iJwG/-‘-ka W’% ‘”30}‘:1

Steve McKinney
Senior Scientist
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~The relative percent differance (RPD) s caleulatad with sample 32- Gﬂaa:&-n‘

T 77 and its dupjjcats to indicate the overall amalytical precision (3% for N4

and % far “Ni).

A blank spike and matrix spike were prepared using =Ni; no NIST traceable =V
was (or is) availible for spiking nurposes. The Dlank spika recavery is 935%.
The matrix spike recovery is 91%. Thus the average batch bias is -7%. .
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RADIOCHEMISTRY STANDARDS AND CONTROLS
Nickel-83 and Nickel-33
Supporting Documentation

This page indicates_thg,Ioca:fqngfg:_supgor:ing~d2§umeutatésa for
radiochemical analyses performed in support of “*“N{ detsrminations.

Detector Controls

ination,
nd Qiade

_ _see.-control. and -background £iles for M&TE # Oiode A, Diod
0.

+  LEPS detector background, control counts, and efficiency de
iode

-
[

+  LSC detector background and contral counts, see instrument jog, Packard
2250XL, Lab 54, 8ldg 328.

Solution_standards:
SNi standard #54124-16-0, LB 34124, page 16, 81dg. 329, room 0.

Nickel (stable) carrier solution for yield determination, see LRB 33293,
page 30.

ALD office, 101SY “*%i report

Performance checks of pipets and balances, ses LRB 53647 pg. 33, 35, & 36 and

--- —LRB 34371, 35, 4l.

grldclll.sup

ra

e
()
Ul



LTy

Cors 31 & 33 tank i}
92-00218-u-1 f/emp
§T-08228-M-3 Hib
91-00218-4-3 Fsld
92-08280-M-\ #/emp
92-08200-0-1 Jsdgp
92-0822-4-1 Viesgp
92-082-4-1 H/0g
PL-08204-4-1 Hesp
P2-0824- w2 frdg
SLANK {uLlsal)
SIANDARD (X RECOVERY)

: , ,
TAULE 3las 65T Core 31 & 33, Radicohemistcy Daka
Pu-238, Pu-239/240, Pu K3 Isotopla.

Pu N6 bsoraple ,
JOIAL ALPNA PO #)- X Nass Parcant
/e YIL ru-238  ra2d9 Pu- 240 [ S 18] ﬁc.{rn

0.003 96424 3.2238  G.03T3  6.0110

4.3tc-000 T

8. 14E-048 I 0.008 P.TARY 31980 b.0lY) .03
N.O.—m-ﬁb m_ﬂ ad [ 1] ba (0] .h
T.aiE-040 | .01 V6.1 3.0 (L0b5e ..e{.e
J.AsE-0N0 ! 6.00% 95.73%0  J.2197 0.03M 8.00i1
&.08¢-01 T 8.604 4. 0470  3.0c08  0.1275 8.0524
4.20¢-01 T 8.004 §4.7609  3.0403  0.0847 §.0841
&.096-04 | .01 pA.diml 34004 D.0B4S 4.050
$.376-00 ! 6.004 94.6516 3.2066  0.0L00 .0V
2.3 04

%

A= oacid, § o fuslon, ¥ » watar lesch, sap = samplie, g » dypllcats, bk = Blank

** = ol snalyied

# avarasge of lwo anaiyses

05 -a4n

5WnuN3ogy

720740 -wn

VO A3y

-
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Ta Susan McKinley

Nine care composite samples wers received from the hot cell for S%y4

analysis (92-08278-H1, -HZ, -d43; 92-38280-H1, -H2; 92-08282-H1, -HZ; and 32-

08284-A] and -HZ). These reor=sent fUSed compesita samplies and duplicatas,
7’7§Nﬁ ?Fﬁxse& ﬁot CE?T ‘biank fram Tank TI1 Cgrgs 21 and 33. Thesze samples
T T were inalyzed with their carresponding GC sampies (two reagent dlinks, a blank
spike, a matrix spike, and i1 sample duplicata) aczarding to procadures PNL-
ALD-473, Revisian-l. Nickal Separation From Radioactive Solutions, PNL-4L0-
464, Procadure For Gamma Counting_and Data Reduction in the Low-iavel Counting

- Room, and PNL-ALO-474, Liguid Scintillation Caunting.

Revision | of PNL-ALO-473 has heen submitted to the ALQ offica. In this
revised procadurs, the option of 3 dimethylgiyoxime precipitations was used.
This was followed by anion exchange and the remzinder of the procadure {st2ps
S.1 through 5.5, then steps 35.13 to aend).

- A summary of the results obtiined is given in the attached *able.

Chemical yields are determined by [C? measurement of stable N om an aliquot
af the final solytion prepared ¥or LSC. The yield based on gravimetric means
is detarmined but is not usad for calculation of results. [t is serformed %o
_ detarmine if electroplating was successful. The arrver in tﬁe iC? measuraments

TTorTTTT Y- s uotad it =15% relative; towever =5% is 1 hetter astimata af the arvor
based on typical performance criteria with [CP analysis on igeal matricas such
as prusented with the samples submitted for analysis (2 volume percent nitric
acid and no interfering ions). The data are therefore cialculatad with the
arror of =5% applied to the IC? determination.

The fusien Slank is used to monmitor contamination due to hot cell operations;
the reagent Slanks are used to0 monitor contamination due ta the laboratory
analysis. The fusion bianx and reagent hlamks are zalculated similarly to the
- composite fusion samples in srder t0 provide a value which cin He cpmpared to
the samplas., The fusiom Diank gave a sligntly positive resyit for “Ni, hut
this is insignificant compareg %0 the sampie resuits. A mean sample sizs af
memct - T Q05006 grams was used for the reagent bianks. A value of 30 nl was usad for
the sampie volume analyzed for the reagent blanks, as this amount was used for
seven gut of the aleven sampla volumes.

Detec*ron 11m1t astimates for the reagent blanks were approximataly 4E-36 for
both “Ni and <M.

T 300207 (108N

A-24 | a3
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Te SG McKinley
mem (0 Harvey 0 4
s 33diochemica] lesylty for TI1I Core 318 33}

The radiochemical analyses were performed on four core compositas, two sach

 from Core 31 and 33. The solid core composite was presarsd Jy potassium

hydroxide (KOH) fusion, following procsdure PNL-ALO-103. Ouplicate samoles
and i single prucass bDlank werw inalyzed. The samples ~are analyzad for Total
Algha Plutonium, Uranium ind for isctopic composition of the Py and U. Thers
was generally good agreement between duplicates For Uranium axca2pt For sampies
92-08250-H1 and H2. Howaver, the results wers verified by re-anilysis. The
agreement of duplicates for Py was poor, diffaring by a factor of

---approximately two. —The duplicates for samples 92-08278 ind 92-08280 wera

reanalyzed with good igreement with the original measurement, indicating
acseptabie analytical performanca. The results of the individual analysis are
included with the data. The averige of the analyses is reported in the
summary tables. The reason for the disagreement is unknown.

__The Nickal-53 analysis are not compiets and will be reportad at a3 latar date.

Cancur: ¥ P 2m-0
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! ; Co
Nickol-63 and Nickol-50 Results, Tunk T-111, Coras 31 und 33 ‘
| \ | Hi-83 +f- ona APD HI-69 +i- one RPD

ALO ‘Sample ID Gau\irla Tyfp | [inicraClig) sigma* {microCilg) slgma*’ \‘-'f
- SR ; ‘
pR-08278-41 Gompaosiie § fuslen, Coie 31 7.34E-03 4.0E-04 7.16E-05 1.8E-06
a2-08278-112 Counposlla 1 lusloiny, Gore 31 1.13e-02 8.2E-04 8.43E-05 2.7E--05
92-08278-113  Fuslon Blunk | 6.176-08  14E-08 . <2E-06
92-08200-H1 Composlie 2 tuslon, Coia 31 71.32E-03 4.0E-04 6.53E-05 3.8E-05
82-06260-4H12 Composie 2 luslan, Goie 31 3.62E-03 2.0E-04 3.30E-05 1.0E--05
02-06260-112 Composhe 2 lusion, Core 31 3.53E-03 1.9E-04 3 3.36E-05 9.4E.08 2
(duplicats) | | o
b2 -caz282-H1 Composhe § Juslon, Core 33 6.36E-03 3.6E-04 4.7AE-08! | 1.6E-05
82-00262-H2 Cumpasiie | fuslon, Cuia 33 4.54E-03 2.6E-04 4.14E-06 1.26-05
B2-Go284-111 Composha ¥ luslon, Gore 33 4.26E-03 2.3E-04 3.76E-05 1.0E-05
g2-co204-112 Cnm*poslla & tuston, Cure 33 4.82E-03 2.7E-04 | 4.37E-05 1.2E-05
‘ ﬂuuuqu Blank 1 <SE-06 ‘ <2E-08 ‘
Ruaguil Blank 2°* <6E-06 ‘ <5E-08
II ‘
. Added +f-.pne Recavered «/-ane [Recovery
| (upn) sigaa* ' {upm) sigma*  {parcent)
‘ . | ,
Blank Sptha, (Ni-63) 776 12 736 | 40 05
Mauuiix Splka (N1-63) 776 12 704 77 T}

* One sl(jmn uaceilalnins aie basad on piopagution ol mnass, volune, counilng, and yleld determinailon unceqainlles.

** Twa raagent blanks wese usad (o7 ihis baich of analyses. The jesults have been
noeaalized rolalive 1o o samyie volunes uillized.

Entorad By _3_{//_

Hoviowad By _ 477

Dala ’9&/‘_?2-—-

é .L | Daw & ~P-p¢

5 WNQN30QY
~d0-KK-0S-

Vo A3d

=

oI

D

Mo g



= . \HC-EP-0806

WHC-SD-WM-DP-024
ADDENDUM S, REV 0 <A

ORGANIC COMPCUND ANALYSIS REPORT
SEMIVOLATILE COMPCUNDS

SAMPYC ANALYSTS REMQRTED

Analysis of 357 samples from Cores 31 and 33 Comoosites, 3uilding 2225
Hot Call 3lanks, and Fielid 3lanks for samivoiatile organic campounds by gas

~“chrematography/mass spectrometry (GC/MS) is the subject of this report.

AMPL = NESCITPTTON AND SREDARATION

Sample D ACL '.3b Number
Core 31 Composita ! 92-08277
Care 31 Composite 2 92-38279
Core 33 Composita I 92-08281
Core 13 Composite 2 92-08283
2225 Hot Call 8lank 92-38285
Field 3lank §2-0823§

The sampies were received on 07/30/92. Extriceions sf both samples and
spiked sampies were performed accarging to the following procadures.

« Extraction procadurs PNL-ALO-120 for the salids
U - PNL-ALQ-12Z2 for the water sample
__ partitianing
"7 7e Extraction location Analytical Chemistry Hot Calls and labs
306/308, 325 Hutlding
- Extraczion type Sonication, amedium level s0il For core
samoies

Separatory ‘unnel, medium Tevel water for
. 2225 -det Cal) 3lank and Fieid 3Tank
samples
- Sample/Extrict storage 4°C{+/-2%)
tampersturs

The procedure used %0 axtract the matrix spiked core samole ~esyited in
1 Two Jnhase extrict cangantrata. . The sacond afdss <as =l imimated Dy aading

“ T approximataly 20 m methyiene zaloride to the axTract zoncantratas, and Mixing

gacn of thesa salutions with 20 grams sodium suifata for ipout 30 minutes.

ANALY bl
¢ GC/MS prucedure: PNL-ALO-345,
+ GL/MS instrumentation: HP-3390/5370 GC/MS (WB38471)
« GC/MS ‘ocation: Lab 325, 32% builging.

A-28
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188.5 J/g calEﬁ?atédvdry (wt. basis) value compared to average May exotherm
values of 280.9 J/g on a calculated dry (wt. basis) value... The exotherm trace
obtained in May is less well resolved than the January scan. The exotherms are
very broad and not well separated from the-water-endotherms, so the baselines
have been conservatively estimated.
Comparison of the current 222-S data (May 1994), and the original January
1992 data obtained for Core 33 segments 1 and 2 is quite interesting. The
_original data (Jan.1992) was @btained on a wet sample under air. The January
1994 and current data are on a dried sample as previously described. The wet
sample (Jan. 1992), Core 33 segment 1 yielded an average value of 1151 J/g dry
(wt. basis), and 2848.5 J/g dry (wt. basis) for segment 2. Both of these
values are considerably different from the values obtained on the dried sample
either in January or May 1994.

Samples from Core 33 segment 2 were also run by PNL in January 1994,
reference 6. Results for Core 2 samples run under nitrogen purge were 942 J/g
dry (wt. basis) and 1011 J/g dry (wt. basis) for an average value of 976.5 J/g
dry. Sample preparation for the January 1994 samples run by both Tabs were
similar. The PNL sample was vacuum dried at 60 degrees C for 24 hours. At
222-S the sample was vacuum dried (35 torr) at 60 degrees C to a constant
weight. The two laboratories used different heating rates for the DSC. The
222-S lab used 10 C per minute, while PNL ran their sampie at 5 C per minute.
This difference should not effect the magnitude of the exotherm, but may cause
a shift in the curve. The instruments used by the laboratories were also

‘different. The instrument used at 222-S is a Mettler M3 balance DSC Model 20

TG-50 , and at PNL a Perkin Elmer Model 2 was used.
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__ . "Tank 241-T-111 Limited Analysis of Core 33 Segment 2

Introduction
The analyses 1n this package were performed by the Westinghouse Hanford

”COmpany (WHC), under the guidance provided by the Analytical

Integration Characterization Program (AICP}, refer to references 1, 2, and 3.

The analyses presented in this report provides additional information on the
energetics previously observed for Tank 241-T-111, reference 4. There were no

_exotherms that exceeded the safety criteria.

Sample preparation and analyses were performed by the Analytical Services of

WHC. Core 33 segment 2 was pjggegijp an oven on 1/10/94 at 1500 with an

_dinitial weight of 28.54 grams {gms) and removed on 1/12/94 at 0735 and was

stabilized in a hood for 1 hour, the final weight of the sample was 6.82 gms.
The dried sample_was _stored in-archive-and was-retrieved in May to perform

this body of work. The specific analyses requested included Differential

—d

which was performed under a nitrogen atmosphere on

Scanning Ca

orimetry (DSC),

the sample previously dried under vacuum (35mm of Hg) at 60 degrees C. In

~_addition, Thermographic Analysis (TGA) were performed on the dried archive

sample.  _The analyses were performed to the quality assurance protocols

reference 7.

Data Evaluation of Tank 241-T-111

-Thermogravimetric analysis on the dried samples yielded an average value of

11.2% weight loss interpreted to be water loss. Differential Scanning
Calorimetry of 5-10 mg. and 10-20 mg. sample sizes under nitrogen purge were
performed. This analysis (May 1994) of Core 33 segment 2 showed consistent
low broad exotherms, with no significant differences caused by sample sizes.
These results are consistent with previous work performed on Core 33 segment 2

in January 1994, reference 5. The average DSC exotherm value from January was

A-97
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‘ Sumrﬁary Table for Tank 241-T~111 Cc;,nré.33 Segment 2, dried archive sample.

Sample Prep.

| Analyte | Safety Criteria | _ Sid. #1 | _Result #1 Result #2 | Average | RPD

| Jigdry V% ) J/g ~Jig Jig %

! : B [ J1667--55%1| J1668—5711] J1668—5711 ‘
Direct DSC | >522 J/gdry_ 96.0 251.2 ~269.0 260.1 6.64
| ‘ ~ | J1667=5511| J1669—5711] J1669—5611 |
Direct DSC | >522J/gdry | 96.0 309.2 12875 298.4 7.27
N | ~ | J1667-5511| J1670-5711] 1670-5811 |
Direct DSC >522 J/g dry 96.0 180.2 - 187.1 183.7 3.76
- o J1667-5511| J1671-5711| J1671—5811 ‘
Direct DSC >522 J/g dry 96.0 162.7 175.3 168.8 7.46
T L | J1667-5511| Ji672~5711| 1672-5811 .
Direct DSC >522 J/g dry 96.0 336.2 335.9 336.0 0.09
5 % % 1 % Average % f
s | J1667—5512 J1668—5712| J1668—5812 -
Direct TGA 99.1 11.68 ~10.06 10.9 14.86
: : ! I
‘ | J1667-5512| J1669—5712| J1669—5812 .
Direct TGA 99.1 10.66 9.90 10.3 7.38
| | J1667-5512| J1670-5712] 16705812 |
Direct TGA | 99.1 11.35 11.99 11.7 5.47

N S I

| B ~ | J1667-5512] J1671-5712} J1671-5812 |
Direct TGA 99.1 12.07 12.08 12.075 0.08
J1667-5512| J1672-5712| J1672-5812 |

Direct TGA 99.1 11.21 11.10 1115 0.99

¢-0 “AR
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From: - Analytical Integratien 7€720-94-119

Phone: 373-3579 R2-18

_Date: __April. 29,1994
LETTER OF INSTRUCTION FOR TANK 241-T-111 ARCHIVE SAMPLES

Subject:
To: J. G. Kristofzski T6-06
cc: H. Babad R2-78 K. L. Kocher T6-06
- - 6. S. Barney T5-12 R. P. Marshall Te-14
D. B. Bechtold Te-09 L. M. Sasaki R2-12
- C. Derigh-Price R2-31  P. Segall H4-19
T D. B. Engelman R1-49 B. C. Simpson - R2-12
J. M. Grigsby H4-62 D. A. Turner R2-78
€. S. Haller R2-12 LT. E. Whelan S1-57
J. M. Kier 73-01 s FilesLg o

Internal Memo, D. R. Bratzel to J. G. Kristofzski, "Letter of
Instruction on Centrifugation of Tank 241-T-111 Samples,”

dated April 22, 1994.

Reference:

This letter of instruction provides direction to the 222-S Llaboratory for

" the performance of differential scanning calorimetry (DSC) and thermal
gravimetric analysis {TGA) tests on archived material from singie-shell tank
241-T-111. This letter also czncels the centrifugation and moisture
measurements requested in the previous letter .of instruction (Reference).

The previously requested tests were determined not to be an effective means

addressing the U.S. Department of Energy, Headquarters' ccncerns

zgarding the safety of pumping the tank. Alternative testing to estimate

he moisture that will remain in the waste after pumping i1s being considered

znd may be requested in the future. However, it has been determined that

- -.zdditienal information on the wiste energetics is necessary to evaluate the

~.
i

" safety of pumping the tank.

Purcose: Perform additional DSC analysis and TGA on tank 241-T-111 archive
semple to more accurately measure the exotherm observed in the sample.

Safetv Considerations: Radioactive materials will_ be. used in thase tests,
---~-therefore all Taboratory procedures applicable to radiological contrel will

be zchered to in conjunction with as low as reasonable achievable (ALARA)
~wo o practices dealing with hazardous materials in the preparation and handling

of these samples.

Work Scope:

1. The sample to be analyzed in the archived sample from tank 241-T-111,
core 33, segment 2 which had been dried, but never used, for adiabatic
ca]orimetry analysis. Homogenize the sample to ensure that it is well

R
JllAC
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2. Obtain three aliquots from the sample and pgrform DSC and TGA ana]yses
in duplicate on each aliquot. The sample size for the DSC analysis
should be 5 to 10 milligrams. Perform the DSC under a nitrogen
atmosphere.

B 3. (Obtain two aliquots from the sample and perform DSC and TGA analyses in

duplicate on each aliquot. The sampie size for the DSC analysis should
be twice the amount used in step 2 above (i.e., 10 to 20 milligrams).
Perform the DSC under a nitrogen atmosphere.

_ Duality Assurance: If the sample and-duplicate for a given aliquot do not
agree within 25 calories/gram, rerun the 0SC using a sample from the same
aliquot.” Approval designator Q has been established for this work; samples
and the indicated number of duplicates shall be run. _The DSC shall be
‘performed in accordance with procedure number LA-514-113 and the TGA shall
be performed in accordance with procedure number LA-560-112. The

..requirements of WHC-SD-CP-QAPP {Quality Assurance Project Plan for the

Analysis of Highly Radioactive Mixed Waste Samples in Support of

1 7 _Environmental Activities on the Hanford Site) shall be implemented as
- applicable. "The datZ shall be reviewed to ensura that all quality

assurznce/quality control requirements were met.

Data Fvaluation: The 222-S Laboratory shall evaluate the results of the
¢nalyses against the DSC analyses performed previously on the tank T-111
szmples that show exotherms in excess of 200 calories/gram (both cores 31
and 33) at both the 222-S and 325 laboratories. The evaluation should
include a best estimate of the sample energetics along with uncertainties

and the rationale behind the estimate.

Recorting Requirerments: A letter presenting the results of the measurements

will be the final deliverable of this task. The letter shall include a

sumnary table of the results and a narrative. Advance notification of

results via cc:mail is requested for representatives from the

Characterization Program (D. R. Bratzel), Characterization Support

(3. C. Simpson), Waste Tank Safety (H. Babad), Waste Tank Stabilization

(0. B. Engelman), and TWRS Safety Analysis and Engineering (J. M. Grigsby).

A1l analytical results shall be reported by May 3, 1994, the data evalyation
,-;ha];~p?§;gpqrte¢;§ygﬁgy 5, 1994, and the letter report shall be issued by
- May 9, 4.

© A-101
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April 29, 1994

7E720-94-118

Funding for this task is provided under task package control number NS4D2.
A cost estimate should be provided to the Characterization Program by

May 3, 1994..

If there are any questions or comments regarding this Tetter, please contact
L. M. Sasaki at 373-1027 or B. C. Simpson at 373-5915.

MBJ}'J’

D. R. Bratzel, Manager
Analytical Integration
Characterization Program

mlg

e
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From:  Analytical Integration 7E720-94-120

Phone: 373-3579 R2-18

Date: May 2, 1994 .
REVISED LETTER OF INSTRUCTION FOR TANK 241-T-111 ARCHIVE SAMPLES

Subject:
To: J. 6. Kristofzski T6-06
cc: H. Babad R2-78 K. L. Kocher T5-06
-~ -G. 5. Barney T5-12 R. P. Marshall T6-14
D. B Bechtold T6-09 L. M. Sasaki R2-12
. DefFigh-Price R2-31 P. Sega]l R4-19
0. B. Engelman R1-49  ----B. C. Simpson R2-12
J. M. Grigsby H4-6?2 D. A. Turner ~ R2-78
- - L. 5. Hatller R2-12 T. E. Whelan S1-57
o J. M. Kier T3-01 }MS File/L8
Internal Memo, D. R. Bratzel to J. G. Kristofzski, "Letter of

Reference:
o Instruction for Tank 241-T-111 Archive Semples,” dated
April 29, 1994,

This letter of instruction (LOI) provides a revision to the referenced LOI.
This revision expands the work scope to include additional differential
scanning calorimetry (DSC) and thermal gravimetric analysis (TGA) testis on
wet (as received) archive sampie from tank 24]-T-111, core 33, segment 2 znd
“revises the due dates for the reporting of results. All other reguirements
of the referenced LOI remain the same.

Additicnal Work Scepe:

I. The additional szmple to te analyzed-is the 20 gram of wet sample from
the tank 241-T-111, corz 33, segment 2 archived sample. This sample is
teing shipped from the Pacific Northwest Laboratory (PNL) 325 Building
to the 222-S Laboratory for analysis. PNL is not able to analyze the
sample at this time due to the stand down at the laboratory.

TvnoAd

Homogenize the sample to snsure that .it.is well mixed.

2. Cbtain three aliquots from the sample and perform OSC and TGA analyses
_in_duplicate on _each aliguot. The sample size for the DSC analysis

= -

should be § to 10 m1111grans _Perform the DSC under a nitrogen

atmosphere.

3. Obtain two aliquots from the sample and perform DSC and TGA analyses in
duplicate on each aliquet. The sample size for the DSC analysis on the
wet sample should be. fiva. times .the amount used in step 2 above (i.e.,
25 to 50 milligrams). Parform the DSC under a nitrogen atmosphere.

Change to Reﬁortinq,Due Dates:

_ Apalytical results and preliminary data evaluation on the dried archived
sample shall be reported by Miy 6, 1994. Final evaluation of both dry and
wet sample results, in the form of a letter report, shall be made within

four full working dajs after recaip " iO he sample from PNL.
1'3
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If there are any questions or comments regarding this letter, please contact
L. M. Sasaki at 373-1027 or 8. C. Simpson at 373-59]5.

RS i i
f>vD. R. Bratzel, Manager
Analytical Integration
Characterization Program

A-104
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From:“_z_.Analyt1ca1 Integration e, TET20-94-122
Phone: =~ 373-3579 R2-18
Date: - May 12, 1884 . .. .. .o 0 S
-~ Sgbject: 'LETTERvGFriﬁsTRUE?EGF FOR TANK 241-T-111 ARCHIVE SAMPLES -
REVISION 2 o
To: "J. G. Kristofzski = T6-06
cc: H. Babad R2-78 K. L. Kocher TE-06
G. S. Barney T5-12 R. P. Marshall T6-14
D. B. Bechtold = T6-09 L. M. Sasaki R2-12
C. DeFigh Price R2-31 P. Segall H4-19
--0. B. Engelman- R1-49 B. €. Simpson. R2-12
J. M. Grigsby H4-62 D. A. Turner R2-78
C. S. Haller R2-12 T. E. Whelan S1-57
-J. M. Kier - - 73-01 - - LMS File/LB

References: (1) Internal Memo, D. R. Bratzel to J. G. Kristofzski,
"Revised Letter of Instruction for Tank 241-T-11] Archive
Semples, ™ dated May 2.1294.
B {2)——Ipter"aq Mame, B. ratzel
' of Instruction for Tank 241-T
April 29, 1594.

1o J. G. Kristofzski, “"Letter
-111

11 Archive Samples,"” dated

This letter of instruction (LOI) provides a second revision to the
o

~.referenced LOIs.. This revision eliminates the additional work scope

requested in Reference 1. It has been determined that additional
differential scanning calorimetry and thermal gravimetric analysis tests on
wetl (as received} archive sample from tank 241-T-111, core 33, segment 2 are
not needed et this time. The final letter report should be issued by

Hay 19, 1994,

If there are any questions or comments regarding this letter, please contact

- - -

~-L.-M. .Sasaki-at-373-1027-or 8. C. Simpson-at 373-59]5.

TRR

~ D. R. Bratzel, Manager

Analytical Integration
Characterization. Program

pke

- —
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TO: " JG Kristofzski, JM Frye, KL Kocher WHC-SD-WM-DP-058

FROM: TL Welsh, 'RD Cromar, R Jeppson
DATE:  May 6, 1994 REV. ¢-1%
SUBJECT: Statlst1ca1 Analysis of Core Segments

Performing a one-way enaTys1s of variance (ANOVA) on segment two (core 33
_only), we_found that the standard deviation of segment two is 211.631 J/g dry
wt. The ANOVA also leads us.to conclude that some oF fhe means are gifferent.
A multiple range comparison test showed that the means of the 1993 T-111 data
and the present data are not statistically different, with a significance
level of 0.05. These two means differ from the mean of the 1993 PNL data and
also from the mean of the or}g1nal data. The 1993 PNL mean and the mean of

the original data also differ from eazch other.

Performing a one-way analysis of varijance on segment one (core 33 on]y) the
ANIMLsa

. standard dev1at1on of segment cne is 169.621 J/g dry wt.. The ANOVA leids us
~to conclade that-the mean of the original data and the mean of the 1993 T-111

c in

data are different. Using the error from segment two to test segment cne, the
means are also statistically different, with a significance level of 0.05.

Surmary Statistics for Core Samples
{in J/g dry wt)

’" _{7)‘ Confidence Interval J--- Mezn Lo Standard RSD
.ﬂ l n L : Deviation

| Core 33, | - . 280.9 81.29 0.2894
| s 1

| seerent 1 !L es1.50 | 3088.17 } 1764.83 532.67 0.3018

i 7 ,
| Secment 2 ) 164,55 | 267111 | 1253.28 1142.05 0.9113
| Segment 3 | -14318.5 r 17932.36 l 1707 | 1805, 95 1.0580
/

A-106
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Source of variation
level

Between groups

Within groups

WHC-EP-0806

Segment 1

WHC-SD-WM-DP-053

REV, 0-1%

Analysis of variance

Sum of Squares d.f. Mean square F-ratio

. e e B ek D D e R e il . s S o . S e o Sl s T P e

e D i L D g S S e S T B . e e e R Y e T St o P . . e S e e g R o

911070.25- 1 911070.25 31.666
57842.50° 2 28771.25
268612.75 -3

0 missing value{s) have been excluded.

g?c?;@uh§7fécp/ o= goz2Y
p-valil =, 0007/

A-1G7
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= Segment 2

Sum of Squares d.f. Mean square F-ratio °Sig.

Tevel .

Between groups 11656441 3 3885480.2 86.753 .0008
-Within groups 537452 12 44787.7

Total (corrected) 12193893 15 o
0 missing value(s) have been excluded.

|
/
/
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3000 -
2500 '
> 2000 g -
O
R
= 1500+ .
1000 — =
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Segment
, ® Core 31(1891)  + Core33(1991) . = 33,{15¢3
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Preliminary-Data for re-analysis.on-tank T-111 -Core 33 Segment 2, May 2, 1954
A1l data is reported on a archive sample which was vacuum dried 60 degrees C. on
12/93. "The analyses were performed under a nitrogen purge. This preliminary
data fulfills the requirements per the letter or instruction (LOI) 7E720-94-119
and the revised LOI 7E720-94-120. The DSC values are not corrected and do not

take into account the water content of the samples.

Laboratory U Sample # Anaiysis~ 'Sqmple Result 1 Result 2
Id. number Size (mg) J/q J/g
J1668-3711{ Sample 1 "‘DSC 16.957 251.2
J1668-5811 { Sample 1 13.267 - . 269.0
, - dup o L .
J1669-5711 ¥ Sample 2 0S¢ 12.596 309.2
J1669-5811 Sample 2 L 18.182 287.5
oo dup
J1670-5711 | Sample 3 DSC 5.897 180.2
J1670-5811 | Sample 3 6.179 B 187.1
o grdup
-J1671-5711 | Sample ¢ 0ScC 6.695 162.7
J1671-5811 || Sample 4 7.023 175.3
e “ i dup :
| J1672-5711 y Sample 5| OSC 7.740 + 1336.3 )
| 01672-5811 || Sample 5 1 . . 1§13 | 335.9
. dup
Laboratory || Sample # l Analysis Sample Result 1 Result 2
Id. riumber | Size (mg) (% H20) (% H20)
J1688-5712 || Sample 1 TGA 11.928 11.68
J1668-5812 || Sample | 15.604 10.06
: dup
i
J1689-5712 || Sample 2 TGA 17.548 10.66
J1669-5812 || Sample 2 19.760 9.50
L_ dup : /
Fa
J1670-5712 | Sample 3 TGA 6.338 11.35 /
J1670-5812 || Sample 3 ‘ 8.043 11.99
dupr .
J1671-5712 || Sample 4 | TGA 7.786 12.07
J1671-5812 || Sample 4 5.750 - 12.08
- dup
J1672-5712 || Sample § TGA 7.101 C[1t.21
J1672-5812 || Sample § 9.313 11.10
dup s
)
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Core 33 seg 1, dried sample run under static air 1/94
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Core 33 seg 2, dried sample run under a nitregen purge 5/94
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Core 33 seg 2, dried sample run under a nitrogen purge 5/94
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Core 33 seqg 2, dried sample run under a nitrogen purge 5/94
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Core 33‘seg 2, dried sample run under a nitrogen purge 5/94
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Thermal analyses of tank waste material from Tank 241-T-111 Core 33,
Segment 2 were performed. in- dUpI*catu - ~The. thermal analysis includes both

d1fférent1a1 scanning ca]or1netry (DSC) and scanning thermogravimetry (TGA). DSC

Differential Scanni

ana]yses were performed on dried sample material, but the TGA analyses were
‘performed on the as-received szmple. These ané]yses wera performed :ccording to
technical procedure PKNL-ALO-508, "Laboratory Procesdure for Operaticn of the
g Calorimeter (DSC), Thermogravimetric Analyzer (76), znd
Fe

i
ffereatizl Thermal An-:]yzer (DTA) &and DSC."

RHigh Tempersture Di

DSC ana]yces of scrple ©2-05856-N znd it’s duplicate were perfcrmed on a

“Parkin Elmer Model 2 Differential Scanning Calorimeter.. The sample was prepared

by transferring 0.4896 grims of semplie from 92-05356 (Yabeled T-111, Core 33,
Segment 2) to a glass vial. This sample was placed in a vicuum oven zt 60°C and
28 in. Hg (711 ma Hg) at 1315 hcurs on Decexbzr 9, 1993. The sample was removed
irem the GVEN éi 1300 hours on Cecember 10, 1622 znd &llowzd te csol prier io
we%ghing. The sample weight after this dryidg period was 0.0721 grams {a loss.
of 0.4175 grazms or 85.3% mass loss). - “é—samplé was p?aced back in the oven at
£0°C and 28 in. rg at 1310 hours on December 10, 1993 and removed at 1500 hours
cn the same day. The sample was rewe1gned end 2 loss of only 0.0005 grems was
cbserved; thekérorE, the sample was se2aled eand placed in a desiecztor. The
samp?efﬁés”éhé]}zed on December 13, 1693 using a nitrogen gas environment.
Semples of 11.19 and 15.72 milligrams were used for Runs 1 and 2, respectively.

A temperature range from 35 to 530°C was scznned at 5°C/min. The results of

these analyses are given in Tidble 1-1. , /

Table 1-1: Core 33, Segment 2, Energetics

RUN RANGE (€} |  ONSET ('C) ENTHALPY (3/9)
1 107 - 381 201 -898
= 2 . n3-388 196 836
. 1-2

= CA-123
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.. . An indium-and z ziac standard was run prior to ana'lyzmg the sample. The
1nd1um standard had an onset temperature of 156.8°C with an enthalpy of 28.3 J/q.
The 11terature values for indium are 156.6°C and 28.45 J/g. The zinc standard
had an onset temperature of £17.1°C with an enthalpy of €8.7 J/g The literature
~values for zinc are 419.47°C and 108.37 J/g.

imetric analysis was performed in triplicate on an aliquot of as-
material using 2 Perkin Elmer Model 2 Thermogravimetric Analyzer.

received sample ma
A nitrogen gas EDVJrgnwent.wa<, ed-te-analyze these semples. Semples of 11.32,
17.11, &nd 15.40 milligrems were used for Runs 1, 2, =nd 3, respectively,

Run 1 was performed on December 28, Run 2 on December 29, 1993, and 8tn 3 on

Jznuary 3, 1884, A temperzture range from 35 to ESD'C was scanned at 5'C/min for
. Runs_1-and. 2. .The temperature range for Run 3 was from 35 to 200°C it a scan
rate of 5°C/min. This shorter scan ringe was chosen, beczuse no sionificant

weight loss was cbserved zbove 150°C. The results of these analyses zra given

in Teble 1-2.

Table 1-2: Core 33, Secment 2, Mass Lbs§ as a Function of Temperature

- |; RUN | ranee (-C) | wereHT LOSS (wts) | |
47 RS l 31 - 103~ 67.3
E 2 | 31 - 116 | £0.3
[ 3 l 30 - 130 79.7

‘Run 1 ezppeared to be cn a sample that was significzntly drier than the

other semples. Runs 2 znd 3 ccmpare well with the gravimetric/determinations
_weight percent solids measurements. It.was also noted in Runs’ 1 and 2 that no
significant weight loss wzs observed in the temperature range of the exothermic

reaction.

Alumel and perkalloy curie point standards were run prior to znalyzing the
szmple.  The alumel stindard had an onset temperature of 162.35°C, and the
perkalloy standard hzd zn onset temperatﬁre of 595.73°C. The literature values
for alumel and perkalloy :re 163°C and 556*C, respectively. '

I':IJ
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- Core 33 seq 2, dried sample run under a nitrogen purge 12/93
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WESTINGHOUSE HANFORD COMPANY

WHC-5D-WK:DP-058

222-S LABORATORY
Rev, 0_,;5 ~ ANALYTICAL BATCH
Lab Segment Serial No. ' AV =/a4(%7 Customer ID:
J1668-72 1240-D-A,B,C,D,E
Analysis: - S Sample Prep:
DSC DIRECT
Instrument: WC16134 - Procedure/ Rev LA 514 113/B 0

Date: 05}6’3/94 513 GU/@

MENDLAN

a1

- | Technologist: R..

P e A L

Starting Time: 0600 Temperature N/A

-1 Ending Time;- 2300 Chemist: J. FRYE
Comments:
| 7 Description Leb iD Description Lab 1D
T1LMCS J1667-5511 11 {pyp J1672-5811
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1 Sioy J1668-5811 13
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1 10) sampLE 1J1672-5711 20
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WHC-SD-WM-DP-058 222-5 LABORATORY
REV. 0-p8 Jp/  ANALYTICAL BATCH
Lab Segment Serial No. .?’},V/?F Customer ID:
J1668-72 1240-D-A,B,C,D,E
Analysis: Sample Prep:
TGA DIRECT
Instrument: WC16130 Procedure/ Rev: LA 560-112/.A-1

Technrologist: R. WENDLAND

Date: 05/@# 5@7&4

Starting Time: 600

Temperature N/A

Ending Time: 2300 Chemist: J. FRYE
Comments:
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8| SAMPLE J1671-5712 18
C[.2loup Jis71-5812 | |1
L 10 sampLe lo1672-5712 20|
Standard Primary Book No. | Second Bock No. {Third Book No. and Final Vol. of
Type and-Aliguot-Vol.- | "and Aliquot Vol. Aliquot Vol. Standard
LMCS 24N8-A
, -
-
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STATISTICAL CHARég;ERIZATION REPORT
SINGLE-SHELL TANK 241-T-111

1.0 SUMMARY

This report contains the results of the statistical analysis of data

"~ “from two core sampies obtained from Single-Shell Tank 241-T-111 (T111).

Section 2 contains a description of the core samples and the chemical
analyses done on the core samples.

Section 3 contains_mean_concentration estimates and associated 95%
confidence intervals (CI) on the mean for each of the analytes in T1l1l.
ection 4 contains estimates of the spatial variability (variability
ores) and estimates of the "anaiytical error” from the core composite

3

- o C
between ¢
data.

Two types of analytical error were estimated from the core composite
data: (1) compositing variability (variability between composite samples
within the same core) and (2) analytical measurement errer (variability
oetween the primary and duplicate analyses within-each core composite sample).

__Estimates of the analytical measurement error were used as the reference value

to test the significance of the spatial and compositing variability. Spatial

- variability was significantly different than zero' for 39 out of 85 analytes

in T111. The compositing variance was significantly different than zero for
39 out of the 85 analytes.

! Significantly different than zero at the a = 0.05 ievel.
1-1
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2.0 INTRODUCTION

o Two core samples (cores 31 and 33) were taken from Till. Cores 31 and
_ 33 were obtained form risers 6 and 3, respectively. Figure 2-1 (p. 2-2) gives
‘the locations of the risers. The segment recoveries for each core are given
in Table 2-1. Core 31 had nearly 100% segment recovery for all segments
except segments 1 and 6. There was nearly 100% segment recovery for all of

the segments in Core 33.

Table 2-1. T-111 Core Recoveries.

Core Segment Number
. i - i
| 1 2 3 | 4 ] s 6 7 8 9
31 27% 80- 95- 80- 100% 0% 90- 100% 100%
- 100% | 100% 100% 100%
33 100% 100% 87- 75- 88% | 100% | 100% -| 100% 100%
100% 85%

Due to the incompiete core sample recovery, the concentration estimates
given in this report are biased. The magnitude of the bias is unknown.

Two core composite samples were made for each core sample from the
zed solid segment waste. Primary and duplicate results were obtained

homogeni
from gach core composite sample.

The chemical analysis of the primary and dup]Jcate samples consisted of

-the following anaiytical methods-and sample preparations {the notation for the
'“--nmthod'and’preparat1on is also listed):

inductively coupledplasma _analysis . (ICP) of an-acid digested sample
(iCP.a), '

» ICP of a potassium hydroxide/nickel (KOH/Ni) fused sample, (ICP.f)
» ICP analysis of a water leached sample (ICP.w),

* ion chromatography (IC) of a water leached sample (IC.w),

-¢ radio-chemistry, and

* gamma energy analysis (GEA).

Occasionally, special analytical methods are used on prepared and
unprepareu waste samples. The notation for the results from such methods is
given in the tables of Appendix A and the tables in Sections 3 and 4.

Whenever possible, the results and data given here are identified by the
analysis method, the type of dissolution and analyte. For example, the

notation ICP.a. A] refers to the Al concentration from an ICP analys1s of an
acid digested sample.
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Figure 2-1. Riser location.

ST 241-T-11

¢ 12" Riser
* 4" Riser

2-2
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The core composite sample results are contained in Table A-1 o
(Appendix A). Ratios of the mean of each primary and duplicate result divided
by the detection 1imit for that pair are also included. The ratios (Mean/DL)
are provided to show how large the analyte concentrations are relative to the
DL. The data packages for tank T111 (Kocher, 1993 and McKinney, 1993) contain
a complete report of the sampie results along with the laboratory quaiity
contro]l data. The core composite data for each anaiyte are illustrated in the

figures provided in Appendix B.

- Analysis of variance (ANOVA) models were fit to the data for all
anaiytes that did not have any "less than values®". A1l of the data available
for statistical analysis, including the analytes with at least one “less than
value," are reported in Table A-1. The ratios (Mean/DL) of all of the data

are also reported in Table A-l.

From a quality of data perspective, it is desirable that the ANOVA

. .._models be applied-tc analyte concentrations greater than 10 times the
detection 1imit. However, Analytical Evaluation and Reporting personnel,
within the TWRS Information Management Systems, identified a 1ist of “"special
analytes,” given in Table 2-2. For this 1ist, they requested that the ANOVA
models be fit to the data provided the concentration.values were greater than
3 times the detection limit or less than 10 times the detection limit.

Whenever possible the ANOVA models were fit using all of the data,

" regardless of the value of the detection limit. To warn the reader of
potential detection limit problems the anaiytes in Tables 3-1, 4-1 and A-1 are
denoted by a "+" or a "a" whenever a concentration is less than 3 times or 10

—.----1imes the detection limit respectiveiy. The results for such analytes are to

be used with caution.

In Table A-1, some analytes are marked with a "*."™ Due to the dilution
factors, the analytical result values are so close to the detection limit
(DL), that the concentration values are questionable. For these analytes,
ANOVA models were not fit to the data.

Table 2-2. Special Analyte List.

Aluminum .. ___HNitrate
Bismuth Nitrite
Calcium Phosphate
Chromium Carbonate
Iron Fluoride
- Silicon - Chloride
Sodium Total Organic Carbon
- Zirconium Cyanide

A close examination of the figures in Appendix B reveals several
"outlier data points" in the core composite data:

* ICP.a.Co The primary resuit for core 31, composite 2 of 11.7 ug/g is
over three times as large as the duplicate result. The
other results for ICP.a.Co all fall in the range 2.7 to 3.8
#9/g9. The detection Timit for ICP.a.Co is 0.8 ug/g.

2-3
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e ICP.a.Cu The duplicate result for core 31, composite 2 of 127 ug/g is

* NO,

about four times as large as the primary result of 31.7
p#g/9. The detection limit for ICP.a.Cu is 0.4 ug/g.

Both the primary and duplicate results from core 31,
composite 2 are about one half the results for core 31,
composite 1. The average of the results for core 31,
composite 1, is 952 ug/g, the average for composite two is
525 pg/g. The detection 1imit for NG, (by water digestion
spectrophometric analysis) is 50 ug/g.

There is no direct evidence that the results noted above are due to
analytical measurement errors. Consequently, the statistical analysis was

~ performed on the data as it is reported in Table A-1. The potential anomalies

in the data noted above can be ciearly seen in the figures in Appendix B.

2-4
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3.0 MEAN CONCENTRATION ESTIMATES

One of the tasks outlined in the Tank Waste Characterization Plan,
Section 5.1.1.2 (Bell, 1993), is to estimate the constituent inventories in
the waste. The inventories are estimated by computing mean concentrations and
95% confidence intervals (CIs) on the mean concentraticns for each
constituent. The estimate of tiie inventory and CI on the inventory of an

- ana)yte -in the tank zre equal to the corresponding mean concentration

estimates and CI multiplied by the volume of waste in the tank. Therefore,
estimates of tank inventory are not given in this document.

Table A-1 (Appendix A) contains the core composite data used to compute
the mean concentration estimates and associated Cls.
3.1 STATISTICAL METHODS

The concentration estimates are given in the form of 95% CIs on the mean
concentration. It is assumed that each primary sampie and its duplicate are

—anatyzed independently of one another. The two analytical results are used to

estimate the anaiytical measurement error. Due to the hierarchical structure
ef the data,~theanalytical medsurement error alone is not the appropriate
error term to use in computing-the CIs. A Tinear combination of the

_ _._analytical measurement variance and the $patiil variance is the appropriate
-~ — ~variance of the mean for the CIs (Snedecor and Cochran, 1980). Appendix C

contains a description of the statistical model and formulas used tc calculate
estimates of the mean, variance of the mean and the CI on the mean.

3.2 STATISTICAL RESULTS

Table 3-1 contains the summary statistics, by analyte, for ICP acid
digestion, ICP water leach, ICP KOH/Ni fusion dissolution, radio chemistry and

IC analyses. The summary statistics are defined as follows:

¥y mean of the concentration data,
&(F) estimated variance of ¥,
df degrees of freedom,
.- .88k LL —— -lower limit to the 95% CI on the mean and
95% UL upper limit to the 95% CI on the mean.

For some analytes the Jow onfidence 1imit (95% LL) was negativ
e greate an or
0 zero

e.
r equal to zerg, any negative 95% L
'Y
L

The confidence intervals in Table 3-1 are wide relative to the range of
the data because only two cores were used to estimate the spatjal variahility.

Two_core samples is-the minimum number of core sampies needed to estimate a

tank's spatial variability.
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Table 3-1. Concentration Estimate Statistics (Units ug/g Except

Radionuclides uC1 sheet 1 of 3
L1cr.a.ag 1266402 7.84E+03 0.00 1.25E+03
1CP.a.AL 5.4E+02 1.06£+04 1 0.00 1.856+03
IcP.a.8 __2.80E+01 7.56E+00 1 0.00 -~ 6.30E+01
F ICP.a.Bs 4.90E+01 §.455+61 i 0,00 1. T1E+02
- JAEE
1CP.a.Bi 2.59+04 6.38E+06 1 0.00 5.80E+04
[CP.g.Co _T.88ev03 | 2.128e05 1 0.00 7. T2E+08
| 1CP.8.Cds _ 5 _BOE+00 3.03E+00 1 0.00 2.798+01
| ICP.a.Ceo 3.37E+01 9.69€+00 1 0.00 7.336+01
C16P.a.Con 4306400 1.636+00 1 0.00 2,05€+01
| 1cP.a.Cr 1.98E+03 1636404 1 3.57e+02 3,60E+03
1CP.a.Cu 3.356401 3.53E+02 1 0.00 2.72E+02
iCP.u.fe 1.85E+04 1.21E+06 1 4.55E+03 3.25E+04
ICP.8.K 1.14E+03 2. 24E+03 1 5, 346402 1.74E+03
| I1CP.a.La - 4. 226403 _3.00€+05 1 0.00 1128006 |
JLicP.a.mg } . 3.7TE#02 §.36E+03 i 0.00 1.39E+03
ICP.8.Mn 6.33£+03 2,685 +04 1 4.25E+03 B.41E+03
ICP.a.Na 3.69E+04 1.56E+06 1 2.10E+04 5.27E+04
1CP.a.Ni 1.32E+02 5.12E+02 1 0.00 4.19E+02
1CP.a.P 1.03E+04 1.21E+05 1 5. 90E+03 1.47E+D4
1CP.a.Pb 3.47E+02 2. 64E+04 1 0.00 2.41E+03
ICP.a.$ 1,21E+03 1.06E+03 1 8.00E+02 1.63E+03
| 16P.a_Sbe 3. 148401 1.65€6401 1 0.00 8.30E+01
1CP.8.5i 4.69E402 9.17E+02 1 8.40E+01 8.54E+02
1CP.a.Sr 3.00E+02 3.75E+02 1 5.39€+401 5.46E+02
1P T 1958451 ~1.39E+02 R 0.00 1.696+02
1eP.a.v T ] 1458401 6.58E+00 I 0.00 4. 71E+01
L ithazn 1 6.50Ei | suaeee02 | 1 0.00 3.88E+02
IcR.fAg _—— - - 1. 2BE+02 8.05E+03 1 0.00 1.27E+03
" 1eP.f.AL 5, 708+02 9. 70E+03 1 - 0.00 | 1.82E+03
ICP. .88 | s.4see0n 2.45E+0? 1 1, 736400 1.28E+02
1CP. f.8i 2.36E+04 9.08E+06 1 0.00 6. 18E+04
1CP.f.Cas 2.42E+03 8.27E+04 1 0.00 5.07E+03
IP.f.Cde | R 12Ee00 - 1.76E+00 1 ~_0.00 2.50E+01
ICP.f.Cos 1.15E+01 1.16E+00 1 0.00 2.52e001 |l
1CP.f.cr : 1.508+03 1.56E+03 1 1,30E+03 2306403

T . ——— e ——
*: Analytes with & portion of the gata below 3 times the DL.
_ %t Analytes with a portion of the dats below 1D times the DL.

3-2
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Tabte 3-1. Concentration Estimate Statistics (Units ug/g Except

Radionuctides uCi sheet 2 of 3
Pl

2.39+01 3.566+01 1 0.00 1.058+02
1.806+04 4.05E406 1 0,00 4.366+04
4. 11E+03 3.08€+05 1 0.00 1.12E404
_3.55E+02 7.31E+03 1 0.00 1.44E+03
1CP. f.Mn 6,28£+03 1.88E 404 1 4.54E403 8.02E+03
ICP.f.Na 3. 70E+04 6. 005406 3 5828403 6.81E+04
1CP. f.Ni B.14E+03 6.41E+06 1 0,00 4-03E+04
| 10p.¢ P 1. 04E+04 8.42E405 1 0.00 _ 2.21E+04
_ICP.f.Pbe 3656402 §.38E+03 1 0.00 1.60E+03
1CP.1.§ 1.23E+03 1,13E404 1 0.00 2.58E+03
BEXXY 5.67E+03 5.41E404 1 2.71E+03 8.62E+03
1CP.f.S¢ 2.986402 6. 24E+01 1 1,97E+02 3982402
XA 4. 79E+01 6.09E+02 1 0.00 3626402
ICP.f. Ve 1.47E+01 8.32¢-01 1 3.06£+00 2,62E+01
(L tco.¢.zne 1.06E+02 7.17E+00 1 7.226+01 1.40E+02
1CP.u.ALs 1.09E+01 5. 75E+00 1 0.00 4. 14E+01
ICP.u.B+ 4.07E+00 6. 77E-01 1 0.00 1.45E+01
12P.u.Bi 2.02£+02 2.40E+03 1 0.00 8.24E+02
1CP. 4. Caw 6.16E301 3.326+01 1 0.00 1,35E+02
1CP.w.Cr 2.18£+02 2.45E+01 1 1.55€+02 _2.B1E+02
16P.w.Fe 1.285402 3.11E402 1 0.00 3.526402
1CP.w.K 7.196+02 1.54E+03 1 2.21E+02 1.226+03
1CP.w.Las 1, 105201 1.428401 1 0.00 5. 89E+01
1CP . w.Mgs 3.64E+00 5.45E-02 1 6.75E-01 6.61E+00
JCP.w.MN 2.4TE+01 2.36E+01 1 0.00 8§.65E+01
1CP 4. N8 3.308404 2, 64E+06 1 1.31E+04 5.28E404
1CP.u.P 5.68E+03 3.266+04 1 3.39g+03 7.97E+03
127,45 ———1.156403 238003 | 1 5.29€+02 1.77€+03
1CP .w.Si S.T2E402 5356403 1 0.00 1.50E+03
ICP.w.Sr+ 1.96E+00 8.65E-02 1 0.00 5,70E+Q0
TCwcl | 4.50ee02 1.11€+03 1 2.56E+01 B.74E+02
1C.w.F _ 2.306+03 | 6.4BEHD5 1 2.98 1.25E+04
1€.u.N03 4126404 7.776+06 1 5 .B2E+03 7.67E+04
1C.w.PO4 1.55E+04 _1 ._53E+06 1 0,00 3.136+04
IC.w.504 3.546+03 | 2.858404 1 1.406+03 5 49403

OO 67 the datd beiow 3 times the DL.
portion of the data below 10 times the DL.

)
it
)
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Concentration Estimate Statistics (Units ug/g
Radignuclides uCi/g).

(sheet 3 of 3

Except

»: Anglytes with 2 portion of the data below
*: Analytes with a portion of the data below 10 times the DL,

3-4

[» =}
(3
[—1
[l

times the OL.

4.24E-02 2.61€-06 1 2.19-02 6.29€-02
_1.66€-01 3.356-03 | 1 0.00 9.02€-01
Grosg.alpha _ 3.TEE-D) ) 1.068-0t 1 §.95€-01 5.51E-01
N hLGml.ben 1.51E+01 3.486+01 1 0.00 9.00E+01
1 TGA.X.H20 7.65E+01 2.23E+01 1 1.64E+01 1376002 |
Am-261¢ 4.26E-02 6.65E-25 1 4.26€-02 4.266-02 |
Hye _1,43E+00 1.536-01 1 0.00 6.40£+00
NO2.u.Spec 7.93£402 8.76£+03 1 0.00 1.98E+03
Percent.H20 - 7. 408401 5.81E-01 1 6.63E+01 8.57E+01
Pu-239/40 1.39€-01 9.19€-06 1 1.00€-01 1.77E-01
Sr-90 5.41E+00 3.53€+00 1 0.00 2.936+01
TOC* 3.12E+03 3. 83E+05 1 0.00 1.10E404
Tc-99e 7.926-03 8.90E-06 1 0.00 4.58€-02
Us 2.TPE+03 2.01E+05 1 0.00 8.50£+03
2.onE200 v - N N .




______ and analytical measurement variance (§°(A)), were obtained for each analyte

—-—- Ysing the hierarchi
a

Ao e e 0t o £

WHC-EP-0806
WHC-SD-WM-TI-650, Rev. O

4.0 COMPARISON OF THE VARIANCE COMPONENT ESTIMATES

cal structure of the core composite data, estimates
of the between core spatial variability (¢°(S)), thecgompos1ting variability
(6%(C)) and the analytical measurement variability (o°(A)) can be obtained.

-The spatial variance is a measyre_of the variability between-cores. The

compositing variance measures the variability between composite samples within

" the same core. The analytical measurement variance includes, among other

things, the sample handling error and the chemical analysis error. This
variance  is a measure of the difference between the analytical resuits from
the primary and duplicate sampies.

The estimate of the variance of the mean is a 1inear function of the

- spatial, compositing and analytical measurement variances. To heip evaluate

-the -magnitude of these three variance components, estimates of each variance

component are given in Table 4-1.

4.1 STATISTICAL METHODS

bl

____Estimates of the spatial variance {(6°(S)), compositing variance (82(C))

using Restricted Maximum Likelihood Estimation (REML) methods. Restricted
maximum 1ikelihood estimation is discussed by Harville (1977).

To test the significance of the variance components, an analysis of
variance (ANOVA) was calculated using the hierarchical statistical model
described in Appendix C. The mean square error terms in the ANOVA tables were

_used to perform F-tests on the spatia) variability and F-tests_on the

composite variability. These tests determine whether or not az(S) and az(C)

- are-significantly different than zero. The p-values given in Table 4-1 were

derived from the results of these tests.

4.2 STATISTICAL RESULTS

The REML estimates of each component of variability along with the
p-values (significance level) from the F-tests are given in Table 4-1. A
p-value less than 0.05 indicates that o“(S) or o(C) is significantly
different than zero at the 0.05 level.

The p-values from the tests on aZ(S) were less than 0.05 for 39 out of
the 85 analytes in T11l. This indicates that the differences between the two
cores were statistically significant for these 39 cases.

The p-values from the tests on o°(C) were less than 0.05 for 39 out of
the 85 analytes in T1l1. This indicates that, relative_to the analytical

-errer; -differences between composite samples were significantly different than

zero in 39 cases. This means, for these 39 analytes, the two _composite

samples were statistically-different from each other. Conversely, for 46 out

of 85 cases, differences between composite samples were not statistically
significant.

B-11
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Anslytes with a portion of the data below 10 times the DL.
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Table 4-1. Variance ComEonent Estimates. (sheet 1 of 3
| Anatyte s :,;:;, I :ZG::,_O 14
g-va{ue ’ g-vnlue
10P.8.85 1.568+04 0,00 1.94E+02 0.000 3.16E+00
ICP.a.AL 1.596+04 0.055 &, T9E+03 0.000 1.06E+01
1CP.a.8 1.256+01 0.093 9.28E-01 0.387 8.59€+00
| 1cp.a.8a 6.91E+01 0.263 1208402 0,000 3.54E-01
1CP.a.B1 1.27E+07 0.000 6.25E+403 0.360 3_75E+04
1CP.a.Ca 4. 10E+05 0.010 2. 17E+04 0.074 §._95E+03
ICP.a.Cos 5 .96E+00 0.004 1.90E-01 0.039 5 .34E-02
ICP.a.Cee 1.69€+01 0.064 9.66E-01 0.380 7.87E+00
1CP.5.Con 8.92E-01 0.376 8.08£-01 0.38% 7.84E+00
1CP.a.Cr 3. 17604 0.007 1.36E+03 0.081 §.75E+02
1CP.a.Cu 3.39e+02 0.290 1.67E+02 0,359 1, 14E+03
1CP.a.Fe 2.33E+06 0.0i3 1.55€+05 0.063 6.25E+04
1CP.a.K 2.45E-24 0.911 8.84E+03 0.000 1.75E402
1CP.a.la 5916405 ___0.003 1.63E404 0.019 2.88E+03
1cP.a. Mg _ 1.256+04 0.005 5.182402 0.007 1.58£+01
r—:P.a.Nn . 2.97TE+04 0.254 4.29E+04 0.030 1.00E+04
ICP.a.Na 2. 76E+06 0.057 6. 73E+05 0.016 1.05E+05
1CP.8.Ni__ .02E+03 8.000 &.13E+00 0.091 3,38E+00
[ltcp.a.p 23722 0.608 4 TTE05 - 0.000 1,25E+04
ICP.a.Pb 5, 20E+04 0.003 _1.41€+03 0.000 1,91E+01
1CP.0.5 _tneess | g2s 1.94E+03 0.003 1,25€+02
ICP.a.Sbe 1,11€-20 0.73¢ 1.44E-14 0.578 1.32E+02
1£0. 5.8 2.57E-31 0.966 7.41E-14 0.418 7.34E+03
1£P.5.8r _ 4.38E+02 0,079 2.18E+02 0.004 1.54€+01
1CP.a.Ti 2.75E+02 0,001 4.69E+00 0.000 7.83¢-02
1CP.a.V L 1836400 0.423 2.25E+01 0.000 2.308-01
I 1CP.a.2n :I.J 1.226903 0.021 1.356+02 0.008 1,426+01
1CP. f.Ag 1.61E+04 0,000 6.236400 | ©0.295 1.83E+01
1P f.AL 1.90E+04 _ 0.005 _ 6.TBE+02 0.030 1.57E+02
Icp.f.Ba 3.99E401 0.102 1.71E+01 0.012 2. 19E+00
1cP.f.8i 1.81E+07 0.001 2886404 0.392 2.94E+05
1CP.f.Cas | 1.5%Ee05 0.008 _2.07-19 1 p.mpg 5. BAE+04
16P.f.Cde 2. 178400 0.126 1.21g-20 0.649 5 .38E+00
1CP.f.Cos 1. 44E+00 0.078 1.01E-29 0.755 3.48E+00
1cp. f.cr 3.726-15 0.99 5.63E+03 0.013 1.216+03 |
*: Analytes with 8 portion of the data beiow 3 rimes the DL. =
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sheet 2 of

*: Anaiytes wit

Anatyte 2s) T.::;-o A :z.::;-o A
value - value

| 1cP. £.Cus B 6.97E+01 0.005 2,00E+00 0.119 1.43E+00
-l-c-;_f_p: 8.00E+06 0.003 1.68E+05 0.07% 8.13E+04
| 1cp.
16p.1 .8 5.94E+05 0.010 3.82E+04 0.012 4.98E+03
Yy ng 1.468904 0.000 5. 15E-44 0.913 1.60E+02
1cP.f.Mn _ 1.66E-11 |- -C.553 7.02E+04 0,011 9. 70E+03
ICP.f.Na 1. 17e+07 0.007 5.43E+05 0.044 1.85E+05 H
|_1cP. £ . 1.17E+07 0.033 _ 4.18E-12 0.498 4396406
1CP.f.P 1.57E+06 0.028 1.958405 0.048 6.45E+04
1P f.Pbx 1.85€+04 - 0.003 4_35E402 0.030 _ 1.02E402 |
1cP.£.$ 2. 156404 0.017 2.00E+03 0.908 2138402
ICP. f.Si 1.06+05 0005 | -  1.00E:03 0.369 6.83E+03
10p.f.50 6.12€-16 0.861 1.156402 0.222 2.698+02
1cp. £. 1 1225403 §.500 2.66E-01 0.331 1.126+00
1CP. f.V% 5,B6€-19 0.905 2.17e+00 0.107 2.31E+00
qghfgne .44 1.108-22 0,839 5. 74E+01
1P u.ALe 7356400 0.208 6.93£+00 0.061 2.72E400
1CP.u.Be 1. 14E900__ 0.082 3.99€-01 0.008 3.996-02
1CP.u.Bi 3:965_+_tl_3 0.102 1.30E+03 0.123 9.68E+02
ICP.u.Cos — 1.866-11 0.4 eve-zz | o 2.66E402
1CP . w.Cr 5 .66E -20 0.979 9.52£401 0.001 5.62E+00
ICP.w. Fe 6. 168401 0.436 9.05E+02 0.077 4.206+02
ICP. w.K _2.28E+03 0.148 1.57E+03 0.001 4. T3E+01
1CP.w.Las 2.71E+01 0.015 1.346+00 0.226 2.23+00
1CP.w.Mge 3.04€-21 0.597 1.61€-03 0.098 1.14E-01
1CP.w.Mn 2.51E401 0.266 3.196+01 0.130 2.51E+01
1CP.w.Na 4.536+06 0.030 §.84E+05 0.002 2.88E+04
ICP.u.P 3.986404 0.222 3.94E+04 0.089 2.13E+04
ICP .u.§ 3.95€+03 0.091 1.506+03 0.014 2.13E+02
1CP.u.Si 8.536+03 0.113 1.98E+03 0.272 4.72E+03

| 1CP.w.Srw 6.35€-02 0.340 1.83E-01 0.061 7.19E-02
1C.1.Cl 1.99€+03 0.043 1.15-10 0,509 9.66E+02
IC.u.F 1.28E+06 0,001 1.37€+04 0.102 8.44E+03
I1C.w.RO3 1.42E+07 0.032 2.46E+06 0.013 3. 44E+0S
1C.w.PO4 2.39E+06 0.082 B.54E+05 0.030 1.99E+05

h & portion of the data below 3 times the OL.

#: Analytes with a portion of the data beiow 10 times the DL.
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Jable 4%@2&&&_%
22¢s) :2':;,,0 ey T 22a)
. ___Lp-value S N 11, S S -
_____ 3146403
2.99¢-32 3 8.13£-06
6.61£-03 0.063 1.87E-04 0.000 1.8 -06
oha 3.42E-04 0.065 7.746-05 0.0908 4.58E-05
Gms.l_:fta , é.93E+01 — 0.000 3. 14E-01 . 0,026 1. e,iz_g:s_gﬂ
TGA.X.H20 3. 17E+01 0.008 3.78E-33 0.935 5.18E+01
1 Am-241e 6.85E-25 0.976 7.41E-06 0.173 1,64E-05
| uge 1,53E-01 0.022 1.36€-02 0,115 9.386-03 H
| NO2.w.Spec 1.92E- 14 0.789 3466404 0.000 9.50£+02
Percent .20 8. 99-01 0.128 2.55€-01 0,259 5,46€-01
[|_ey-239/40 2.49€-28 0.736 2.01E-05 0.171 3.33E-05
$r-90 7.04E+00 0.000 1.79E-02 0.209 2.616-02 |
TOC+ 6.106405 | - 0.113 2.98E+05 0.006 2. T2E+04
Tc-99e 1.766-05 | 0.001 2.63£-07 0.027 5. 75E-08
Us 6.24E-06 0.839 7.91E+05 0.001 2.99E+04
7.11€-28 0.601_ 3.06£-02 _ 0.001 1.19€-03

Y T S i T e ot e =
o: Analytes with a portion of the data below 3 times the DL.
#: Anslytes with a portion of the data beiow 10 times the DL.

£
[
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Table A-1. Core Composite Data (Units

9/9 éxceppt Radlonuclides ‘uCiLg). (sheet 1 of 9

|
Core 31

li\nnl';vte Core 31 . Mean/DL Hem?;'bl. \ .lEOI'I! 13 Mean/DL Core 33 - ‘mwu
— Comp. 1 Coﬂp.wlz ‘ Conpr. 1 Comp. 2 e .
1CP.0.Ag 2.026+02 -4 . 0SE+02 2.256+02 4.53g+02 \ £ .4UE+01 8.87e+01 2.81E+01 4.006+01
‘ : 2.03E+02 2.28BE+02 ‘ 4 .39E+01 J. 198401 '
I T ‘ —_
1CP.0.Al S.B0E+02 2.43E+02 7.03£+02 2.94E+02 &.71E402 1.9TE+02 &.05E+02" 1. 89E+02
‘ : S.88E+02 ' 7.07E+02 ‘ ' . & . T3E+02 4.04E+02 o
ICP. 6. As “3_13E+00 NA *3_02E+00 NI\ %.396+00 1, 156400 3.236400 | LA
: 3. 17E+00 *2 81E+00 ‘ ) 3.50E+00 *2.90E+00 o
. ICP.a.B 2.34E+00 &.52e+01 2.536+(1 3.91E+01 é-.?ZE*M 4.90E+01 3.206+01 ‘ .';.365001
‘ 3.08E+01 2. 16E+Q11 ' ?.‘.96_E_10| 3. 23E+401 ‘
" ICP.a.Ba 5.68E+01 1.90E+02 453+ 2.17E+02 6.67+01 2.23E+02 B.6TE+01 - ZI.TPIBOZ
Lo 5.7SE+01 . &.46E+01 ) &.70E+01 8.79¢+01 ‘
1CP.8;8e *1.04E-01 NA *1.01E-01 A 1.13€-01 1,17E+00 1.08€-01 . A
Lo 1.06E-01 - *9 38E-02 ‘ 1,20€E-01 *1.00E-01 :
ACP.aid 2.34E+04 3. 14E+03 2336404 3.10E+03 2 I84E+04 3.806+03 2.B6E404 J'rmm:
. 2.3TE+04 ‘ 2.32E+Q04 ' 2 BSE+04 2.82E+04
'1CP.n.Ca 2.135+03 4 99402 2.36€+03 5.65E402 1.49E403 3.40€+02 1.35E+03 3.06E402
2.26£+03 ] 2.61E+03 : 1.50E+03 1.34E+03
ACP.u.Cde 7.19€+00 1.81E+09 7.T8€+0D 1.97E401 4.09E+00 1.10£+01 3.64E+00 9.30E+00
. 7.256+00 7.94E+00 , 4. FOE+00 3.806+00
ICP.a.Ces 3.39€+01 3.23£+00 2.90€+01 2.84€400 4.00E+01 3.T3E+00 3.28¢+01 3.55E+00
. 3.13€+01 2.83E+01 ' 3. 57e+01 3.89€+01
ICP.u.Cos 3.42E+00 4.25E+00 3.79E+00 9.68£+00 3. 156400 3.91E+00 3.136+00 3. 64E+00
3.38e+00 1.17E+01 ) 3. 40E+00 2.70E+00
IcP.s.Cr 1.83£+03 2.07€+03  1.B4E+D3 2.04€+03 2.056+03 2.29€+03 2.16E+03 2.386+03
1.89E+03 + 1.84E+03 ' 2 ,0BE+03 2. 135403
ICP.a.Cu 2.48E+01 6.31E+01 I 1.2TE+02 1 .9&5*?2 1.64E+01 &.11E+01 1.29€+01 3.26E+01
2.57E+01 3 ATE+D1 ‘ 1.65E+01 1.30E+01
ICP.a.Fe 1.89E+04 1.92E+04 2.01E+04 23.0154‘!1)6 1.74E+D4 1. T5E+04 1.75E+04 1.TRE+04
1. 95E+04 2.00E+04 1. YEE+O4 1.72E+04
H ICP.a.K 1.08e+03 9.78E+01 1.22E+03 1.08E+02 1.21E+03 1.08E+02 1.02E+03 2.1 E+0Y
1. 11E+03 1.20E+03 1,226403 1.02€+03 o
NA: Not Available.
* ¢ value less than DL or less than 5 percent sbove the DL.
o ¢ Analytes with a portion of the data below 3 times the DL.
% ¢ Analytes with a portion of the dats below 10 times the DL.
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Table A-I. Core Compdrsite‘ Data {Units fi9/g except Radionuclides pCijfg). (sheet 2 of 9)

Mean/DL

Not Available.

Analyte core 31 Core 31 MHean/oL Core 33 Hean/blL Core 33 Nean/DL
Comp. 1 1. Cowp. 2 Comp. 1 _ Conp, 2 -
ICP.a.la 3.666+03 2.66€+03 © 3.84E+03 2.586+03 4.61€+03 3.31E+03 §.91E+03 3.49E+03
3.78E+03 N i 3.59€+03 4.67E+03 4. BAE+03
ICP.a. Mg 4.32€+402 1.45E+03 © 4.0r5E+02 1.60€+03 3.026+02 1.02E+03 2.80E+02 P.67E+02
: £.38E402 ' v &, 12E+02 3.07E+02 2.926+402
1CP.a Mn 6.07E+03 3. 10 +04 \  6.§4E+03 3.07E+04 6.65E+03 3.36E404 6.32€+03 3. 14E+04
6.31E+03 . | 6, 14E+03 6. TTE+03 6.23£+03 .
ICP.a.Na 3. 716404 1.21E+04 1 © 3.B7E+04 1.25E¢04 3.49E+04 1.13E+04 3.63E+04 1. 176404
30806404 | 3086404 3,506 404 3626304
1 ) ' |! ,
1cP.a.NI 1.49€+02 8.91E+01 1.576+02 9.24€401 1.096+02 6.44E+01 1.09€402 6.386401
1.54£+02 1,57E+02 1. 10E+02 1,08E402
1tP.0.P 1.02E+04 T 1.74E+03 9.94E+03 1.72E+03 9.97€+03 1.70E+03 1.136404 1.96£+03
1.00E+04 9.98E+03 9.75E+03 1. 14E+04
ICP.0.Pb a.696002 | 7.8¢E001 5.4 26402 8.76E+01 2.00£+02 3.23£+01 1.67E+02 2.71E+01
4 .81E+02 S.44E+02 2.01E+02 1.69€+02
® T 1CP.a.8 1.216+03 &.S4E+02 1.24£+03 4.69E+02 1.14E+03 4.22E+402 1.228+03 4.52E402
N & 1.24€+03 1.27E+03 1. 14E403 1,226+03
ICP.80.She 3.90E+01 1.72E+00 3.41E+01 2.086+00 2.00£+01 2.03€+00 1.91E+01 1.28E+00
2. 196401 3.65£+01 5.18E+01 2.61E+01
{ 1cp.a.se *7.92E+00 NA #7.66E+00 NA 8.60E+00 1.36€+400 8.18£+400 A
8.04£+00 *7.13E+00 1,20E+01 *7.40E+00
1cP.a.81 5. 29+02 3.71E+02 4.18E+02 3.626+402 5.75€+02 4.06E402 4.90E+02 3.03E+02
§.36E402 5.26E+02 4.80E+02 2.98£+02
ICP.a.5n §.20E400 2.63E+00 1.74E+00 1.526400 1.81E+00 1.13e+00 1.72E400 NA
4. 13€+400 3.136+00 1,80€+00 *1.50E400
1CP.a.Sr 2.78E402 9.38E+02 2.801:+02 9.336402 3.01E+02 1.026+03 3.37E402 1.12€+03
2.85€+02 2.80E+02 3.08E+02 3.32E+402
16P. 8. T 2.96€+01 7.36E+01 3.34E+01 8.26E401 9.00E+00 2.23e401 6.42E+00 1.62€+01
2.93E+01 3276401 8.80E+00 &.50E+00
1CP. 8.V 1.23£+01 2.54E401 2.13£401 4.286401 1.35€+01 2.77E+01 9.58E+00 2.00E+01
1,31E+01 2. 156401 1.42E+01 1.04E+01

Value less than DL or less then 5 percent sbove the DL.
Ansiytes with a portfon of the data belaw 3 times. the DL.
Anelytes with a portion of the datm below 10 times the DL,

0 *A9Y ‘059-IL1-WM-QS-JHM



I¢-4

S-v

Table A-1. f:ore

Composite

{sheet 3lof 9)

|

‘ I : o
Data (Units pg/g except Radionuclides uCi/g).

' i | ) [ ) .
Analyte Core 31 Mean/OL Core 31 Mear/oL Coie 33 Mean/DL Core 33 Mear /DL W
Comp. 1 — Comp. 2 Cowp. 1 _ Comp, 2
; > ) ] L
1CP.0.2n 7.68£+01 2.65E+02 9.68E+401 3.38:402 4.36€+01 1.4TE+02 3.45E+)1 117402
8.20e+01 L 1.06£+02 4, RTE+01 3.54E+1
: - T o . j
1cP.a.2r a.sae-dl WA 8.07¢-01 NA 9T¢55-01 NA 8.61E-01 NA
8.47E-01 1 7.S1E-01 9.20E-01 -~ 7.T0E-01 ‘
: L — — f —— =
1CP.f.Ag 2. 10£402 8.56€+01 2.17E+02 8.86¢+01 3. 89E+01 1.36€+01 3.69€+01 1.28¢+01
2, 186402 - - 2.26E+02 4 .00E+01 3.T4E+01 S
1CP.£.AL &.326+02 5.37E+01 &.80E+02 | 5.78E+01 6ﬁsés+nz 4.03E+01 4.59E+02 3.83E+01
6.56E+02 : 7.06£+02 4. 85E402 4. 59E+02
1CP.f.As *1,50E+01 NA *1.50E+01 NA *1.50E+01 NA *1.50£+02 NA
*1,50£+01 | #1.50E+01 *§.506+01 *1,50E+02
1CP.£.8 *3,01E+00 A *2.996+00 NA *5 36E+00 NA *4 SBE+00 A
*3, 00E+00 - *2, 996400 *4 . 32€+00 *5. 10E+00
) . ' o
1cP.f.Ba 5.726+01 3,920 5.96E+01 14 O4E+01 8. 606+01 4.,34€401 7.45€401 4926401
&.04C+01 &.156+01 6.48E+01 7.30E+01
" IR
1tP.f.Be *5 . 01E-01 A *4.99¢-01 NA *4 99E-0 NA *5_00€-01 NA
*5 _00E-01 *4 .99E -01 s5_00E-01 * 99 -01
! 1
rcp.f.61 2.05E+04 5.59E+02 2.026+04 5.37€402 2.08E+04 7.05E+02 2.736+04 7.12E402
2. 14E+04 ‘ 2.01E+04 2.63E+04 2.61E+04
B
ICP.f.Cos 2.5SBE+03 1256402 2.49E+03 1.21E+02 2.50E+03 9.23£+400 2.18e+03 B.54E+00
2.93E+03 2.836+03 1.93£+03 1.92E+03
t1cP . f.Cdw 7.34E+00 4.13e+00 7-18E+00 5.326+00 6.760:+00 3.21€+400 6.86E400 3.596+00
9. 16£+00 1.41E+01 6.0BE+00 7.4BE+00
1CP.f.Ce *5.,06E401 NA *5.04€+01 NA *5_04£+01 A +5,05€+01 A
*5 _0SE+01 *5 . 04E+01 *5 05E+01 *5_O4E+01
IcP.f.Coe 9.70E+00 | 2.53E+400 1.11E+01 2.T0E+00 1.37€+01 3.34E+00 8.90£+00 2.96E+00
1.056+01 1.05€+01 1.30E+01 1.48E+01
Icp.f.Cr 1.86E+03 4.20E+02 1.67E+03 1786402 1.81E+03 3.97E+02 1.82£+03 4 _04E+02
1.92E+03 1,73E403 1. T4E+03 1.82E+03
1CP. 1. Cus 3.686+01 1.82E+01 3.41E+01 1.71E+01 2.16€+01 9.82E+00 2.30E+01 1.09E+01
3.596+01 3,42E401 2.26E+01 2.61E+01 i
NA: Not Available.
* : Velue tess than DL or less than 5 percent sbove the OL.
s : Anslytes with a portion of the data below 3 times the DL.
# ¢+ Analytes with a portion of the deta below 10 times the DL.
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. Table A-1. Core Composite Data (Units except Radionuclides xCi/g). (sheet 4 of 9) .
n Armllvte Core 31 Mean/bL Core 31 Mean/DL Core 33 'lleunllkbl. Core 33 Mean/DL
Comp. 1 | | Comp. 2 - Comp. 1 ‘ : Comp. 2 ‘
cp fFe 2.02E+04 4.10e+03 1.95E+04 3.926+0% 1.62E+04 6.16€402 1.61E+04 6.226402
2.08E+04 1.97E+04 ' 1.57E+04 ‘ 1.61E+04 ‘
rcp f K *S.61E+01 | NA *5 50E+01 NA *5, 50E+01 KA +5.60E+D1 NA
*5,60E+01 *5 59£+01 *5_60€+01 i #5,50£+01
ICP f La 3.63E+03 5.27E+02 3.306+03 4.B8E+02 4.58£+03 6.456+02 §.84E+03 6.87E+02
3.75E+03 3.456403 ‘ §.45E+03 ' 4. 7BE+03 .
ICP.1.Mg 4. 24E+02 2.92E+02 4.31E+02 2.96E+02 2.TBE+02 3.46E4D1 2.T4E+02 3.50E40%
§.52E+02 4.56E+02 ‘ 2.58E+02 . 2.69E402 ‘
1cP. ¢ .Mn 6.29E+03 6.38£+03 5.856403 5.94E+03 6.29E+03 &.01E+2 4.59€+03 4.25E)02
6.47E+03 6.02E+03 ‘ 6.156+03 ' ; 6.596+03 .
ltP {.Na 3.96E+04 2.57E403 3.85E+04 2.51E+03 3.41E+04 5.34EHH 3516404 5.54E401
4 .01E+04 3.94E+04 ‘ 3.35E+04 ‘ 3,52E404 ;
6P ¢.N1 5.94E+03 6.79E+02 T7.49E+03 6.41E+02 9.49£+03 8.68E+01 9.81E+03 1.136402
§,61E+03 3.40E+03 ' 9.09£+03 ‘ 1.43E404
1¢p.f.P 1.126+04 3.98E+02 1.11E+04 3.83E+02 8.99e+03 1.04E+02 9.91E+03 1136402
1. 196404 1.11E+04 - 9. 156+03 ‘ 9.91€+03
ICP.f.Pbe 4.27E+02 1.426+01 4 .82E+02 1.56+01 2.62E+02 8.61E+00 2.72+02 8.69E400
‘ & 53E+02 4. B8E+02 : 2. T2E+02 2.67TE+02
IcP.f.8 1.35€+03 1.00£+02 1.29€+03 9. 70E+01 1.08E+03 8.00E+01 1.16E+03 8.59g+01
_ 1.36E+03 1.33E+03 ! 1.C8E+03 1.16E+03
IcP. f.Sb *8.87¢+01 NA *8.83E+01 NA 1.29E+02 HA *8, 85E+01 NA
*8 . B35E+01 *8.83E+01 *8 856401 *8.B3E+01 .
1CP.f.Se *3.81E+01 NA *3. 79401 NA *3.79e+01 NA *3.80E+01 NA
*3_80E+01 *3, 79E+01 *3.80E+01 *3, 79E401 '
1ce. .81 5.88E+03 9.17€402 5.78£+03 8.98E+02 5.52E+03 7.43E+0% 5.41E+03 7.37E+01
6.04E+03 5, B9E+03 5.19E+03 5. 41E+03 '
1CP.f.5Sn *8.02E+00 NA *7.98E+00 NA *7_9BE+00 NA *8 00 +00 NA
*8_00E+00 *7.986+00 *8.00E+00 *7.98E+00 '
IcP . £.8r 3.08E+02 2.02E+02 2.70E+02 1.87E+02 2.97E+02 6.65E401 2.98E+02 7.25E+0
2.98E+02 2.91E+02 2.84E+02 3.36E+02

0 "A9Y ‘059-IL-WM-QS-JHM
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NA: Hot Availsble.

* : vyalue less than DL or less than 5 percent above the DL.

o : Analytes with a portion of the date betow 3 times the DL.
% : Analytes with a portien of the data below 10 times the DL.
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Table A-1.: Core

Composite Data (Uﬁits

(sheet 5 of 9)

gégﬁexcept:Rédionuclides peijg).

"Analyte Core 31 Mean/DL Core 31 Mean/DL Core 33 Mean/DL ‘ Coﬁe 33 Mean/DL
: Comp. 1 ' Comp.! 2 Comp. 1 . Comp. 2
et 7.32E+07 3.64E+01 T. |3£-L*01 3.62e+01 2.25E+01 1.12E+01 2 .5114E001 1. 215401
[ 7.25E+01 7.34E+01 i, 22E+01 2.31E+1
TCP.f.V4 1.11E+01 4. B5E+00D 1.55E+01 4.58E+00 9.38E+01 6.14E+00 1.42E+01 5.86£+00
I 1.32E+01 | 1.T4E+01 1.69€+01 1.51E+01
5 | | :
1ce.f 2Nk 9.71E+01 6.94E+0) 1.11E+02 7.036+0 1.10E402 7.66E+00 1.02E+02 8.07E+00
. ‘ 1.11E+02 1.00E+02 1 .00E+02 1. 19402
1 f.2r 4.01E+00 N 3.99£400 NA o} .99Ee00 A *4.00E+00 NA
L . ' & .00E+00Q 399400 *& ,00E+00 *3 . 99E+00
= ; ‘ =
ICP.u.AQ, 7.80€-01 . NA 1.26E+00 2.336+00 | *& .99E-01 NA *% 99F-01 NA
‘ *5.00E-01 ) 1.07E+00 . &.08E-01 *5.00E-01
‘ lf! CP.u.Ale &6.99€+00 2.80E+00 1.04E+01 4.29E+00 D 1. 34E+00 6. .48E+00 1. 1#*01 4.60E+00
. 6.43E+00 1.026+01 1. TTE+01 1 .025_401
) | ! ;
"1CP.M.AS *3.D0E+00 NA *3.00E+00 NA © %2 99E+00 NA *2,90E+00 NA
*3, 00E+00 \ *3_00E+00 %2, 99E+00 *3, 00E+00
1CP.W.Bs | 3.50E+00 5.51€+00 3.27E+00 5,33E400 . 5.54E+00 9.236+00 §.44E400 7.08£+00
‘ 3.11E+00 3.12E+00 5.54E+00 4. 06E+00
ICP.w.Ba «3_0%-01 NA *3 _00E-D1 NA 3.78E-0 1.82E+00 5.32e-01 1.72E+00
*3,00E -01 5.328-01 7.15E-01 5.01E-1
ICP.w.8e *1.00E-(1 NA *9 . 99€-02 HA *9.98¢-02 NA *9.98€-02 NA
*9_99¢ -02 9 99£-02 *G. 98E-02 *9.99E-02
ICP.W.Bi 8.34E+01 1.54E+01 1.76E+02 2.54E+01 2.05E+02 3.09+01 2.TIE+02 3.60£+01
1.47E+(2 2.056+02 2.58E+02 2.6TE+02
ICP.w.Cak, ' 5.05E+01 1.16E+01 5.43E+M 1.40E+01 7. 16E+01 1.51E+01 9.35E+01 1.53E+01
| 5_12E+01 , 6.89E+01 6. 13E+01 &.15E+01
ICP.u.Cd | I *4_0Q0E-01 NA I\ *4 . 00E-0t NA *3.99e-01 NA *3.99:-01 NA
*4.00E-01 *4.00E-01 “3,99€-01 *4.00E-0
ICP.w.Ce *1.01E+]1 MNA *1.01E+01 NA *1.01E+01 NA *1.01E+0% NA
' ] 01E+01 *1.01E+01 *1.01E+01 *1.01E+D1
[CP.w.Co *8.00E-01 NA *7.996-01 NA *7.98E-01 NA 8.50E-01 KA
*7.99E- 0 8.51E-01 8.43E-01 *7.99e-01 .
NA: Not Avajlable. -

-
e =s as ee

value less than DL or less than 5 percent sbove the DL,

Analytes with a portion of the deta [>elow 3 times the DL.
Analytes with & portion of the date >elow 10 times the DL.
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Table A-1. Core Composite

Data (Units g except Radionuclides pCi[g)L

sheet 6 of 93

Analyte Core 3% ‘ﬂenr‘llDIL Core 3% Mean/OL Core 33 Mean/DL Core 33 Mean/DL
: Comp. 1 ‘ Comp. 2 Cg. 1 1(:unp. 2 !
ICP.w.Cr 2. 11E+02 2.32E+402 2.28e+02 2.54E+02 2.226+02 2.49E+02 2. 126402 2.34E402
‘ 2.07E+02 2.30E+02 2.26E+02 2.096+02
1CP . w.Cu *4 . 00E-01 NA *4 00E -0t NA *3.99€-01 NA *3 99E-01 NA
‘ *4 .00E-01 *4.00E-01 *3.99€-01 *4.00E-01 i
1CP.w.Fe 5.70+0t 7.956+01 1.30e+02 1.41E+02 t.16E+02 1326402 1.60E+02 1.59E+02
' 1.02E+02 1.51E+02 1.4TE+02 1.58€+02
1CP. w.K 7.40E+02 6.55E+01 7.83€+02 A.99e+01 7.04E+02 6.35E+01" 6.47E+02 ‘ S. 9
7.28E+02 7.83E+02 7.19€+02 6.506+02 ‘
ICP . m.Lok 5.00E+00 4 .30E+00 T.49E+00 &.096+00 1.22E+01 9.89E+00 1.57e+01 1. 136401
L 7.056+00 9. 356+00 1.55E+01 1.58E+01
| ICP.wi.Mg# 2.56TE+00 9.82E+00 3.66E+00 1.326401 3.60+00 1.28E+01 : 3.95E+00 © 1.28E+07
: N 3.22E+00 ‘ 4,23E+00 4 .0BE+DO 3.726+00 )
| 1cP.wmn t.01E+01 7.35e+01, 2.31E+01 1.25E+402 2.04E+01 1.27E+02 3. 3E0 1698402
1.93e+01 | 2.T0E+01 3.04E+01 3J.426+01 .
§ 1CP.w.Na 3.41E+04 1. 10E+04 3.51E+04 1136404 3.06E+04 9.926+03 3. 196404 © 1.03E+04
: 3.39E+04 3.50E+04 3.09E+04 3.226404
1CP.w. M1 *{ . .70E+00 NA *1.70E+00 NA 1 .70€+00 NA *4.70£+00 NA
*1.70E+00 “{.70E+00 *1,70E+00 *1.706+00 _
ICP.u.P 5.63E+03 9.93E+02 5.81E+03 1.03E+03 5.26E+03 9.14€+02 5.64E+03 19_83E+02
5.89€+03 6. 11E+03 S .34E+03 5.74E+03
1CP.w.Pb 7.91E+00 NA 6.93e+00 1.28e+00 *6.19E+400 NA 4. 196400 NA
" *6.19€+00 8.92E+00 *4,28E+00 4. 196+00
ICP.W.$ | 1.21E+03 4.43E+02 1.19€+03 & A4E+02 1.05E+03 31.93E+402 1.14E+03 l 22E+02
C 1.186+03 | 1.21E+03 1.07€+03 1.14E+403
T
ICP.w. Sb *1 . TTE+01 NA ! 1. TTE+01 NA *1.77e+01 NA *1.7TE+01 NA
*1 . 77E+01 | JTE+D1 | T7E+01 *t . 7TTE+01
ICP.w.Se *7,60E+00 NA *7.59€+00 NA *7.586+400 NA *7.58E+00 NA
*7,59E+00 A.44E+00 *7,.58E+400 *7.59E+00
IcP . w.Si 3.45E+02 3.37E+02 §.30E+02 4 . 30E+02 &6.68E+02 5.156+02 &§.226+02 & . TTE+D2
5.30E+02 5.089E+02 6.71E+402 6,18E402

"ASN ‘0G9-TI-WM-QS-HM — -

(=]
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At E:t Available.
}'nlue lesz than DL or less than 5 percent above the DL.
nalytes with a portion of the detn below 3 times the OL.

Analytes with a portion of the data below 10 times the DL.
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Table A—?‘l. Core Cohgosite Dalth (Units Bg/g éxfcept‘ Radibnuc]idres puCi/9). (sheet 7 of 9')"

All‘walytlla Core 31 Mean/DL | | Core 31 Mesh/bL Core 33 Mean/DL Core 3!’.I ' Mean/bL
: . ﬁ(:m:;: % . Comp, 2 ‘ _cgup 1 — Congps, z.l
1CP.w.$n *1 60400 NA #1.60E+00 NA *1.60£+00 NA *1.606400 NA
L *1,40E+00 *1.60E+400 *1.60E+00 *1.60E+00
[CP.u.5r 9.376-01 4. 03E+00 | 1.97E+00 7.10E+00 1.97E+400 7.25E+00 2.396+00 7.80£+00
K 1.48E+00 - 2.29E+400 K 2.386+00 2.29E 400
, — :
tCP.w.TH *4.00€-01 NA *4.00E-01 NA *3_99€-01 NA *3_99€-01 NA
S *% ,00€-01 ‘ *4.00E-01 ! *3,99€-01 *4,00¢-0/1
— 1N ‘ = L
1P .w. ¥ *5 ,00E-01 NA 5.94E -0} 1 .41E+D0 *4 . 99E-01 NA 9.216-01 '1.60E+00
! *5,00E-01 8,20E-01 o *4 . 9E-01 6.76E-01
ICP.w.2h *300E-01 NA *3_00E-09 NA 2.996-01 A *2.99€-0)) NA
. *3. 00E-01 *3,00E-01 ! *2.99€-01 *3.00£-01
_’7 . “
1P w.2r 8.00E-01 A 7.99€-01 NA 7.98£-01 A 7.98£-01 NA
L 7.99€-01 ‘ 7.99-01 - 7.986-01 7.996-01
& ; z — — ;
1c.u.cl’ 4. T3E402 4. 70E+01 5,186+02 4.97E+01 4.40£+02 4,01E+01 4.40E+07 4.32E401
T 4 .66E+02 & .75E+02 3.62E+02 4. 236402 .
| | '
1C.W.F ; 3. 14E+03 3.09€+02 5.16E+03 3.13E402 1.47E+03 1.37e402 1.67E+0% 1.63E+02
L 3.03£+03 3.09E+03 , 1.26E+03 1.59€+03 |
1C.w.NO <1.10E+03 NA . B.71E¢02 A, 8.426+02 7.73€+00 7.59€+02 7.32e+00
' <1, 10E+03 i <|.10E+03 7.04E+02 7.04E+02 |
F 1C.w.NO3 4.45E+04 4. 43E402 4366404 4.386402 3. 766404 3.69E402 3.98E+04 " 5.01E402
&, R1E+04 4.39€+04 w 3.61E+04 4 .03E+04 ;
1C.w. P04 1.56€+04 1.62E402 1.79E+04 1.74E+02 1.366+04 1.36E402 1.51E+04 ©1.51E+02
‘ 1.67E+04 1. 776404 : 1.35E+04 1.50€+04
1€.w.504 3.69E+03 3.69E+401 3.72E+03 3.74E+01 3.23£+03 3.29e+01 3.41€+03 " 3.4TE401
1 3.69£+03 3, 756403 . 3.34E+03 3,52£403
GEA. Am-241 4.37E-02 4.026+01 4.026-02 3.59€401 3.95€-02 3.396+01 4.24E-02 | 3.88p402
‘ 4.80E-02 4, 16€-02 3.79£-02 4.61E-02 ‘
GEA, Co-6D <4.21E-04 NA <3.85E-04 NA <3.45E-04 NA <3.296-04 ' NA
‘ «3.39E-04 <3,75E-04 , <3, 70E-04 <3.45E-04
GEA.Cs- 137 2.126-01 5.72E+02 2.36E-01 6.41E+02 1.15€-01 3,076+02 1.03€-01 2.80E+02
2.11E-0) 2.386-01 1.12€-01 1.04€ -01 .

0 *A9Y ‘0S9-IL-WM-AS~JHM

9080-d3-JHM

R TS

A: Not Available.

i Value iess than OL or less than 5 percent above the DL.
Anslytes with a portion of the data below 3 times the DL.
Analytes with & portion of the data below 10 times the DL.
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Core Composite Data (Units #a/g except Rad{onuclides uifg).

Table A-1;’ . (sheet 8 of 9)
S : : e e e
| Anatyte Cg'r;! 3 Nean/L “core 31 Mean/oL  Gore 33 MeanyDL | Core 33 Mean/DL
Comp.. 1 | Comp, ' Comp. ' Comp. 2
‘ : A= : : o ! ; : = T
GEA.Eu-154 *1.09E-03 WA <1.D4E-03 mo <1.11E-03 LLY | <1.05E-03 NA
*1.07-03 | 3,24€-03 0 <1.0i€-03 ) | <9.64€-04
GEA.Eu’155 <2.0BE-03 NA <2.13€-03 " 2.97e-03 5. 156400 <1.49E-03 A
<2,09%-03 «2,12€-03 3. 16€-03 _ 1.49E-03 \
Gross.aiphn 3.59€ 01 5.05€401 %.50£-01 5.06€+401 . 78¢-01 7.316402 3.976-01 7496302
3.588-01. 3.69-01 ' 3.78€-01 , 3.97€-01
_ ‘ - ‘ = ‘ ‘ :
Gross.beta 2.06€401 2.206+02 Z.16401 2.296402 . 9.86£+00 1.56£402 .8.95€400 1.44E+02
2,07E401 2136201 $.32E+00 , B.71E+00 -
TIC.w.C08  <5,00/+02 WA 8.49€402 1.85E+00 | 7.49E+02 1.65E400 \7.99€402 2, 206400
8.50€902 9._99E+02 . 8.98E+402 , 13.406+03
. | ! ] j T T :
TGA.X. 20 6.13€401 A 5926408 A 810404 A 7.86E40 A
8.53Ee01 . 7.126401 ' 8,226 401 | 8.306+01
I am-241 443602 | 7.26£400 &, 66E-02 7.56€400 3.71E-02 6.596+00 4.44E-02 7.96E+00
3,856 02 | 3.96E - 02 '3794E-02 5.196-02 ‘
{cu . 3.80604 m <@.236-04 A «2.256-04 A <2.25€-04 WA
<2.25€+04 <2.256-04 <2,256-04 <2, 25€-04
1o ' <4 .50E+0D NA <3.41E400 NA <4 ;90400 W <& . TE+00 I NA
<4 .00E400 <3.57E+00 <4 . B1E+00 < $1E+00 .
) | A B ! "
3 <3.15E -I04 NA <3.12E-04 NA <3.15€-04 NA | <3.15E-04 NA
<3,15€-04 <3.15€-04 <3.15€-04 , <3.15€-04
o . 1.70E+00 1.278401 1,796+00 1.47E401 1.18E+00 9.60€400 1.026400 8.68£+00
L _1.48E400 1,83€+00 1.22€+00 "~ 1.15€400
1-129 1. 74E 02 NA <2.406-02 ) <2.15E-02 NA <1.T5E-02 NA
<1, 726-02 <1,926-02 <t BAE-02 ) <2.17E-02
NH3 <6.50E403 WA <4.50£+03 A < S0E+03 A < .506+03 A
k. 50E+03 <4, 30E+03 <& .YOE+03 L <% .506+03
NO2.u. Spec 9.49E+02 1.90E+01 5. 226402 1.05E+01 8.72E402 1. 768401 7.74E+D2 1.63E401
9.55E402 5. 276402 8. 84E+02 8.60E+02
Np-237 «3.25E-02 NA <3, 24€-02 NA <3.24E-02 NA <3.24€-02 NA
<3.24€-02 <3.24€-02 <3.24E-02 <3.24E-02

NA: Not Available.

* : Value less than DL or Less than 5 percent above the DL.
s 3 Apalytes with a portion of the date below 3 times the 0i.
& 1 Analytes wuith a portian of the data below 10 times the DL,

0 ‘A9Y ‘059-1.1-WM-(S-OHM
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Tatjle A-1. Core Composite :D‘a"1ta (Unit‘sl;g[‘g. except Radjonuclides ,Iu(:i/g) . (sheef 9 of 9)
. ‘( T b — T

{2-9

Analyte Core'31 MearyOL ‘| | core 31 Hlel:mlol. Core 33 " Mean/DL Co:rc 33 Mean/DL
Comp. 1 Comp. 2 ' Comp, 1 . Comp, &
r " ’ 1
Percent . H20 7-4BE+01 HA 7.59E+01 WA T.72E+01 NA 7. T8E+O1 NA
7 .44E+01 . 7.59€+01 ‘ 7.S7E+01 | 7.54E+01
- pu-238 <1.04E-02 ) . <1.03E-02° A <1.056-02 W <1.93E-02 NA
<1.07E-02 <1.04E-02 L «<1,00E-02 ‘ «<1.04E-02
‘ : T —
© Pu-239/40 1,356-01 3.83€+01 1.346-01 3, 766+01 1.39€-0) 3. 83E+01 1.53E-01 4.21E401
1.41€-01 1.37E-01 L 1.29€-01 | 1.626-01 .
‘ ) T
' Se <6.05€-05 A 6.17E-05 1. HE+00 <1, 23E-04 ©ONA <1.29E-04 NA
<4. 11E-05 8.31E-05 o <1,268-04 ' <1.26E-04
; — ‘ :
$r-90 6_97E+00 1.01E+03 7.55E400 1.862E403 3.67E+00 1.70E+03 3.37E+00 1.596403
7.34E+00 ‘ 7.31E+00 ' 3_62E+00 ‘ 3.48E400
- P . |
Tots 3.306+03 698 +00 4.12€+03 ' 7 .9TE+00 2.00E+03 % .0DE+00 3.00E+03 6.00E400
1. 3.486+03 3. 856403 L 2.00E+03 3.00E+03
Te-9%e 4.95€-03 &.05E+00 4.90E-03 5 .56E400 1.126-02 2.48E400 1.03g-02 2.26E+00
5.33E-03 1 &,56€-03 - 1,16€-02 1.05£-02
Us 2.14E+03 8.TOE+00 | 4.00E+03 1.55E+01 3,01€+03 0. 34E+00 2.07E+03 5.72E400
2.21E+03 ; 3.756403 3_34E+03 1,82E+03
pH 1.026+01 NA 9.91E+00 NA 1.01E+01 NA 9. 726400 NA
1,026+01 L 9.94E+00 1.00E+01 9.81E+00
- NA: Not Available. w
* : Value lless than Di. or less than 5 percent wnbove the DL.

Anaiytits with & portion of the clata below 3 times the DL.
Analytes with a portion of the cata betow 10 times the DL.

0 "ASY¥ ‘0§9-IL1-WM-0S-~IHM
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APPENDIX C
__MEAN CONCENTRATION CALCULATION METHODS
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This appendix includes a description of the statistical model that
describes the structure of the data from core samples taken from .
____Tank 241-T-111. Eguations are aiso presented for estimates of the mean
concentration, the variance for the mean concentration, and the CI on the mean

toncentration.
The statistical model that describes the structure of the core composite
data is
Yije =8 + 8 + Gy + Ay i=1,...a, J=1,...b, k=1,...n, (1)
where
Yig = laboratory results from the k'™ duplicate of the j"
composite of the i™" core from the tank,
U = the grand mean,
. S{ = the effect of the i™ core (spatial effect),
R C; = the effect of the j* composite sample from the i™ core,
) Ak = the analytical error associated with the k™ duplicate in
the i*" composite from the i*" core,
a = the number of cores,
b, = the number of composite samples in the i*™" core and
- n; o= the number of analytical results from the j* composite

sample in the i™ core.

__For cores 31 and 33 there are two core composite samples (i.e., b, = 2).
The variables S; and C;; are treated as random effects. It is assumed
that S;, C;; and A;;, are each distributed normally with mean zero and

variances 6°(S), o°(C) and o?(A), respectively. Estimates of o%(S), ¢3(C) and

- o°(A) were obtained using Restricted Maximum Likelihood Estimation (REML).
This method applied to variance component estimation is described by Harville
(1977).
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The mean concentration of each analyte of interest in the tank was
calculated using the following equation:

b njj bj nij

14 T ) 2 BLES )
yelyy, -lyHE 19k

a ja a n;. d a1 n;,
where
bi ngj
23 Vi by (3)
Vi =25 and ny, =Yny;.
ni. j=1

This mean gives the results from each core the same weight regardless of the
unbalance that may exist for a particular analyte.

The variance of ¥ is

V() =Cg3(S) + Co2(C) + Cyo*(A) (4)

i

a R U LY a
- 1 1 - 1 1
C‘! a ——2 21:] ] < nij]’ Cs "a—z ?.1: {-n—':]. (5)

Using &%(S), 8°(C), and ﬁz(A) (REML variance component estimates), an
7-is

where

B2 (¥) = C,6%(S) + C,82(C) + C,8%(A). (6)
The approxi imate degrees of freedom used for oz(y) is the number of cores with
data minus one.

The Tower and upper 95% CI limits (95% LL and 95% UL respectively) on
the mean concentration are

95% LL =¥ - t o V#(7) and 95K UL =7 » t o VO2(¥) {7)

,uhere.tiﬁ? -ig the 0.975-quantile from 3 Student ;3 t-distribution with the
approximate degrees of freedom associated with &°(¥).
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Westinghous Internal
Hanford Company Nemo
From: West Tank Farms Operations 94-003
Phone: 372-3919 T4-08
Date: March 3, 1994
Subject: TANK T-111
To: D. A, Turner R2-78
cc: H. Babad R2-78 J. W. Lentsch -78
D. C. Board $1-57 0. M. Lucoff h. 76
V. C. Boyles R1-49 G. J. Miskho R2- 2
0. A. Bragg R1-49 0. J. Newland R2- 3
IR, G. Brown R2-11 R. Ni §5-07
R. J. Cash R2-78 J. W. Osborne R2-78
G. M. Christensen H4-21 M. A. Payne R2-31
. C. DeFigh«Price R2-31 M. . Plys HZ=62
. . A. J. Duckett HO-39 A. Postma H4-61
L \99‘1 G. T. Dukelow = _ R2-78 - .. T, E, a‘.nay R4-02
Marn | J. C. Fulton R2-31 R. E. Rayond g "t
RV SRS J. M. Grigshy ~H2-82 . J. P. Sederburg RZ-
e G.-A. Hanson R2-08 M. H. Shannon Héwc.
J.*0. Honeyman R2-~52 M. J. Sutey R1-49
M. N. Islam R2-08 0. S. Wang RZ-78
G. 0. Johnson R2-178 N. ¥. Kirch R2-11:
R. D. Wojtasek R2-36 J. L. Lee R2-36
JHW File/LB
References: (1) Internal Memo, Organic Tank Safety to J. H. Wicks, et
al., “Tank T-111" dated February 28, 1994
In accordance with your racommendation in reference 1, Tank T-111 has been
pTacnd on the organics tanks Watch List. Operat1ona1 Specifications for
tch List-Tanks {ﬂfa-. -15}-00030) has been changed to add tank T-111 to the
Organ1c Salt List in Appendix A. Notification of this change was included
in the 0aily Operating Report (DOR) on 3/3/94.
[f you have any questians, please call David P. Reber (373-3385).
1 \ ‘\ /.-‘
\JJ (oo Al
J. H. Wicks, Manager
West Tank Farm Operations

Hantord Qperatans and Enginesnng Cantractar far the US Cepartment of Energy
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Westinghouse '"ﬁ”‘a'
Hanford Company emo
From:  Qrganic Tank Safety 7A700-94.004
Phone:  373-2238 R2-78
Oate:  Fapruary 28, 1794
Subject: TANK T-111
To: J. H. Wicks
cc: H. Babad R2-78 J. W. Lentsch RZ-78
e - - . -D. C. Board Si=57 D. M. Lucoff N1-36
V. C. Boyles R1-49 G. J. Miskho R2-12
T - D. A. Bragg R1-49 D. J. Newland - R2-36
R. G. Brown R2-11 R. Ni §$5-07
R. J. Cash R2-78 J. W. Oshorne R2-78 -~
G. M. Christensen H4-21 M. A. Payne R2-31 4 té -
- (. DeFigh-Price R2-31 M. Plys H2-62
- . - A. J. Duckett HO-30 A. Postma H4-51
G. T. Dukeiow R2-78 T. E. Rainey R4-02
R J.o€. Fulten "~ RZ-31 R. E. Raymond R2-54
J. M. Grigsby H2- GZﬂAﬂjt ﬁ%Zi .,Sederburg_ L RZ-11 .
G. A. Hanson R2-08 H. “Shannon R4=61 "~
J. 0. Honeyman R2-5 M. J. Sutey R1-49
« M. N. Islam R2-08 A 0. S. Wang R2-78
G. D. Johnson R2-78% J. H. Wicks T4-07
o N. W. Kirch ___ R2-11_ R. D. Wojtasek R2-36
J. L. Lee R2-36 DAT FiIe/LB
RelETEﬁCES' (1) Internal Memo, 0. A. Turner to H. Babad, et al.,

R "Reactive Component in Tank 241-T-111,° dated
--~January ‘17, 1994,

[BS)
[y

- PNL Memo, D.- L. Baldwin to R. M. Bean, et ai., "T-111
Dry/Wet Preliminary TOC Results from Two Methods," dated
January 11, 1994,

- L oo &3,\L, Letter, §.- G H‘”Khl'ﬁ" FN'L; to C. DeF]gh-pf"lCE, WHC,
- - : "Tank T- 111 Core 33, Segment 2 Preliminary Data," dated
December 20, 1993.

(4) Internal Memo, A. J. Duckett to D. B. Bechtold, et al.,
feeemeo .. - "Tank Farms. Qﬁk-ﬁeﬁti"g Minutes for December 1, 1993 -
Potential Reactive Component in Tank 241-T-111," dated

December 2, 1993.

(5) WHC-EP-0681, UC-800, "Interim Criteria for Organic Watch
List Tanks at the Hanford Site,"” dated September 1993.

€-7
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/ J. H. Wicks, et al. 7A700-94,004

February 28, 1994
Waste Tank Safety Program recommends that tank T-111 be placed on the organic
tanks Watch List, effective immediately.

The Tank Farms Plan Review Committee (PRC) made a decision on _
December 1, 1993, that tank T-1l1 was to be treated as an organics Watch List

"“tank (Reference 4). This decision was prompted by the fact that pertions of

+an

111 core material retrieved in 1991 and analyzed in 1992 exhibited

: I-'ﬂ'ilk T‘lll

significant exothermic activity in Differential Scanning Calorimetry (DSC)

__tests. The PRC also recommended that additional analyses be performed on
existing samples {Reference 4).

PNL has rerun a number of key analyses on tank T-1]1 Core 33, Segment 2
samples (References 2 and 3). Reference 1 was issued after review of the PNL
analytical results to put the tank T-111 issue into perspective, based on what
we know at this time. Two conclusions were reached in Reference 1:

. No imminent safety hazard exists relative to the reactive
component identified in tank T-111 waste because of the high (~80

T wt.%) moisture content of the waste.

. Additional information on the active component in tank T-11] waste
is required. The observed exothermic activity can not be fully

accounted for based on reported total organic carbon (TOC) levels.

The recommendation to place tank T-111 on the organics tank Watch List at this
time is based on the following rationale:

. Tank T-111 Core 33, Segment 2 sample analyses perfarmed by PNL
were conducted on material dried at 60°C under vacuum in an effort
___to reduce the scatter previgusly encountered in analytical data.

e PNL analytical results_indieate exothermic activity in the dried
sample of 215 cal/g (dry basis) from DSC tests (Reference 3). TOC
content was determined to be 4.1 wt.% (dry basis) using the
Furnace Total Combustion Method on dried sample material
(Reference 2}). Waste moisture content was confirmed to be
approximateiy 80 wt.% (Reference 3).

... The-attachment derives the energy equivalent of a 5 wt.% TOC (dry
___ basis) organic-nitrate/nitrite mixture based on sodium acetate as

-.— .- .the organic-waste surrogate. 5 wt.% TOC (dry basis) is shown to
be equivalent to exothermic activity of 151 cal/q.

—
(72
-

= _ Reference 5 establishes interim criteria for organic Watch List
tanks at the Hanford Site. Single-shell tank (SST) waste is to be
classified as "conditionally safe" if its organic content exceeds
5 wt.% TOC (dry basis) and its moisture content is >17 wt. %.

C-8
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J. H. Wicks, et al. 7A700-94.004

y Page 3
/S February 28, 1994

If, as shown above, 151 cal/g represents the energy equivalent of

a 5 wt.% TOC (dry basis) organic-nitrate/nitrite mixture, then the

waste in tank T-111 would be classified as "conditionally safe" in
_view of its 215 cal/g exotherm and 80 wt.% moisture content.

. SSTs with waste classified as "conditionally safe" are to be
placed on the organic tanks Watch List (Reference 5).

. Tank T-111 should, therefore, be placed on the organic tanks Watch

A B 13 ¥

. [t should be noted that PNL's analytical results indicate a TOC
_content of only 4.1 wt. % {dry basis) {Reference 2). This TOC

7 - content, by itself, would not qualify tank T-111 for the Watch
List. However, what matters from the standpoint of continued safe
interim storage (e.g. safety) is waste energy content (cal/g).

Tank T-111 clearly qualifies for the Watch List on this basis.

It appears that tank B-202 exhibits similar characteristics to those of tank
T-111. However, it is not the recommendation of the Waste Tank Safety Program
to place tank B-202 on the organic tanks Watch List at this time. The
preliminary and incomplete._apalytical-data have yet to be confirmed and
further evaluation is necessary before making a final decision about tank
B-202.

o

Please call (373-2238) if additional information or discussion would-be
--beneficial.

L
%EMZ/ v

D. A. Turner, Manager
Organic Tank Safety

mjs

Attachment
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Modeling T-111

A simple model of T-111 was made on the ESP simulation program to attempt to
shed some light on the vapor concentration issue, This simple model would mix
about 1 liter of aqueous solution similar to T-111 and 1 liter of air. Some
NPH type organics were also mixed. The vapor phase leaving the mixture was

estimated.

Aqueous solution

The aqueous solution used for this simulation was:

H20 1000 g
NaNO2  0.54 g
NaNO3  30.7 g
Na2c03 0.5 g

The model calculated this to be 1.017 liters with a density of 1.026 compared
with T-111 liquid density of 1.07.

AIR
One liter of air was introduce assuming only 02 and N2.
The model calculated that there was 1.08 liters of air
Organic

The organic chosen was of the NPH type.

CloH22

C11H24
C12H26

9

OO0 Oo
O — W

3 g
59
This mixture is just an estimation.

Mixture Conditions

The mixture conditions were 72 °F and 14.7 psia.

Case #1

A total of 0.5 grams of the organic mixture was added to the mixture.

This resulted in the following vapor composition:

Component Vol %

H20 2.62 %
02 18.81%
N2 71.68%
C10H22 4.32%
ClIH24 1.97%
C12H28 0.80%

c-10



The remainder of the organic was soluble in the liter of aqueous solution.
There was no organic phase.

Note that the vapor phase contained large amounts of the hydrocarbons. This
is well above what was measured. Several orders of magnitude.

Conclusions:

T-111 does not need a separable phase organic layer to explain the observed
vapor pressure of 9 ppm. Dissolved organics in an aqueous phase can explain

this.
Had T-111 had a small amount of NPH floating on it, it probably would have
evaporated by now. Notice that the C1QHZ22 is very much greater in

concentration. This means that over time, the CI2H26 would tend to be left
behind. This has a smaller vapor pressure and js safer.

C-11
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Dismbution
LR Pederson K2-44
MG Plys H4-62
LLBurger _ _ P7-23
RD Scheele p7-25
GL Borsheim R2-11
DM Camaioni K2-38
MH Campbell R3-77
BC Simpson R2-12
WD Samuels -K2-44
JA Coampbell P8-08
JP Sederberg R2-11
H Babad R2-78
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——Pacific Northwest Laboratories internal Distributian

JM Tiqgey
a.M. BEAN MW Urie

Date January 14, 1894 RT Steele
SG McKiniey
To ~ RM Bean 2 Hopoe
2 - File/LB
Fom DL Baldwin D PSllu~— /

Subject  FINAL T-1]11 (Core 33. Seament 2) DRY/AS-
... — —RECEIVED TOC RESULTS FROM TWO METHODS. Rev. 2.

___. _This is the Final report of results from TOC/TIC/TC measurements of the

analyzed "dried" and "as-received" T-111 sample, ALO No. 94-2631, analyzed by
twe methods, as follows:

1} Hot Persulfate method, in normal TIC/TOC mode, and TC mode,
~_. . .2) Furnace Total Combustion method, in both TOC mode and TC mode.

The data on the drying of the sampie, as performed by JM Tingey, shows the
sample to contain 18.4% solids. In this report, no corractions aras made Tor
_ _the "dried" samples results.
Descriptien of Methods: Part 1 of this work is done by the hot persulfate
77 " Tgxiagation method, Test Procadure PNL-ALO-381, rev. 0, "Detarmination of TC,
TCC. and TIC in Radioactive Liguids, Soils and Sludges by Hot Persulfate
Method". The M&TE No. for the carbon measurements is WCO1713, the balance
M&TI No. is 360-06-01-016. The data is located on the accompanying data
snests. rayiew renorts or on file in the ALO Records Offics. TOC standard
used s alona-d-glucose, Kodak lot# 81F, and the TIC standard is reagent-grade
N&.CZ.. 3oth materials are used in 1iquid form, dissolved in water, for
system standards as well as matrix spikes. Normal operation is with a TIC
sten Tirst. using - acid only, Totlowed by the TOC step on the same sampie,
acaing the persulfate. TC is calculated by addition. A modified mode was
uses n wnich TC was determined, eliminating the TIC step. This should
minimize possible io0ss of amy unmeasured volatile organics. The estimated
___Drecision is z10% and the estimated accuracy is z15%.

Part 2 of this waork is done by the furnace total combustion method, Test
rccadure PNL-ALQO-380, rev. 0, "Determination of Carbon in Solids Using the
Coulometrics Carbon Dioxide Couiometer”. The M&TE No. for the carbon
measurements is WDO4981, the balance M&TE No. is 360-06-01-023. The data is
‘ocatzd On the accompanying data sheets, review reports or on file in the ALO
Recoras Office. TOC standard used is ‘alpha-d-glucose and the TIC standard is
©aC3.. Both materials are used in solid form for system standards as well as
atrix spikes. As per normal procedure, TOC is determined at 6§00°C on a
ample. Then TC is determined at 1000°C on a different sampie. TIC is
Tcuiated by differenca. The estimated precisicn ds =10% and the estimated
guracy is =15%.

m
-
ca
ac

QC Narrative: This sample was analyzed on 1-10-94. The QC for both methods
ali came within required MCS-033 1imits, with no apparent outliers. For the

IT2aeSECT0N T C-13
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persulfate method, the TIC and TOC system standard recoveries ranged “rom
91.9% to 101.5%. The system blanks were consistent. The RPD’s (Relative
Parcent Oifference) for the dried sample, analyzed in dunlicat2, ranged from
% to 10%. The matrix spike recoveries were 95% and 118%, respectively, for
TIC and TOC, and 119% for the "crushed" sample TC spike.

For the furnace total combustion method, the TIC and TOC systam standard
recoveries ranged from ©3.9% to 99.3%. The system blanks were consistent.

The RPD’s for the dried and as-received samples, analyzed in duplicate, ranged
from 3% to 16%. The matrix spike recoveries, at 600°C, were 102% anc R3%.
respectively, for the dried and as-received samples.

Table 1: Hot Persulfate Method Results

i sample TIC RPD TOC RPD TC RPD
Sampie wt (g} (% %) (%) %) %y (%)
T-111 Dry-1 0.1304 0.41 0.94 1.35
T-111 Dry-2 0.1857 Q.42 3 1.0¢ 10 l.ic 8

(avg=0.39%) (avg=1.41%

T-111 Dry-3 Soike at% TIC Recovery 119% TO0C Recovery
T-111 Dry-4 {crushed) 0.1838 0.52 1.74 2.25
T-111 Dry-A (crushed) 1.¢
T-1 z.40¢ 10

111 Dry-8 (crushed)

)
-2l Dry-C {c¢rusned) Spike 9% TC Recovery

iera; L) Jndissoivec small dlack cnunxs 3f mater:ai were ooserveg 1n resciion flask. ingicating
tncomcieta redction.

I} ‘he grieg material -as compooses of large znunks, thererore it «as CrusRes. 'n oroen tgo 4] iow

betier 2issolution, imoravec cissolution was daserved, outf stil) Slack undissgives Fines

were seen.

Semcies [ thraugn 4 were analyzed as-ger-normai TIC/TOC arocesurs.  Sampie 4 shrsugn < owere

T 07T L analyzec ay mearfieq TT grccecurs.  In Unis 248€, the nersulfate ing acic were 2g3a7 it the

_53Me_Iime.Ig INe sambie, Zzieting the T![ stes. mnimizing soss:3iiiizy 2f less 27 velatite
organic matertai.

f3¢-30C0-i00 °l12/88)

v
[l
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_ Table 2: Furnace Method Results
sample TIC ToC RPD T APD
Sample - wt (g} (%) {%) () (%) {%) (%)
T-111 Dry-1 {800°C) ¢.01485 3.76
T-111 Dry-2 ’ 0.01864 o .. 4,41 16
T7-111 Dry-3, Spike 0.02345 102% Recovery (avg=4.09%)
7-111 Dry-1 (1000°C) 0.03158 4.69
7-111 Dry-2 0.02333 4.99 5.2
(avg=4.84%)
T-111 As-Recd-1 (600°C) 0.04890 0.90
__T1-111 As-Recd-2 ... 0.10883 a - 0.87 3.4
N T-111 As-Recd-3, Spike 0.09272 83% Recovery (avg=0.89%)
‘T=111-As-Recd-1(1000°C) 0.04227 0.98

1

Hete: 1) in =he furnace method, TGC oniv 15 consigered w0 be reieased ar 600°. At 10G0°C. TC ots

coanstcared to e releases. Note that differant weighed samplas are used at the Two
giffarent temperatyres.

CONCLUSIONS:

1) The Het Persulfate method alaone provides one conclusion, that there
is no loss of volatile organic material in the TIC stsp. The results
appear to agree well with the earlier reported "as-received” sample
results, after accounting for the water weight loss.

2) The Furnace method results, in comparison, indicate that there is
e 7 additianal organic material present in these samples. This
o agditional organic material was, for some reasan, not fully-oxidized
-~ by hot persuifate, but required oxidizing with some stronger oxidant,
(e.i., oxygen) at eslevated temperaturss.

3 In the dry material, from the Furnace method, the %total TQOC found was

4.09%, the total TC found was 4.84%. This compares, from the hot
persulfate method, with total TOC found of 0.99% and total TC found

c-15
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of 2.0%. Both methed results show good agreement betwesn "dried" and
"As-Recieved" results, after accounting for water weight JToss.
__ _4) The missing, _additional organic material, in the dried s 2,
amounts to: '
- TC comparison: (4.84% - 2.00%) = 2.8%
T0C comparison (4.09% - 0.89%) = 3.1%

Concur by: i:;bzzﬁzéffz¢¢;?‘i

./ //
‘ Date: ///«/ &%
File: T-111.RMB VA7
System File: Toc tioay

-

234-30G0-:01 {.0/39}
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 DON'T SAY IT --- Write It! DATE: June 9, 1994 \

_.TO: Distribution ... . .. ..___FROM: C. H.-Delegard / pﬂnﬁgi*&—«/

. - - . Teiephone: 373-4658 7{,/

SUBJECT: CENTIFUGATION AND ANALYSES OF SLUDGE FROM TANK 241-T-111

Attached piease find Internal Memo 8E110-PCL94-046,
"Centrifugation and Analyses of Siudge From Tank 241-T-111."
The attached IM provides recent thermal analyses of the
centrifuged sludge and compietes the reporting of the

tank 111-T centrifugation tests. The attached IM replaces
IM 8E110-PCL94-043, same subject. Please discard the IM
8E110-PCL94-043.

54-3000-107 (12/92) GEFO13
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Date: June 9, 1994

-~ Subject: CENTRIFUGATION AND ANALYSIS OF SLUDGE FROM TANK 241-T-111

To: D. B. Engelman 1-49
cc: H. Babad R2-78
-G, 5. Barney . T5-12
D. R. Bratzel R2-12
J. M. Frye T6-30
J. R. Jewett T6-09
J. G. Kristgfzgki T6-06
L. M. Sasak: R2-12
C. S. Simmons K6-77
B. C. Simpson R2-12
- J. P.-S§loughter T6-07
. S. Sutter T5-12
D. T. Vladimiroff R2-12

CHD File/LB

References:

{1) Internal Memo,_G. S. Barney and C.-H. Detegard to
D. B. Engelman; "Test Plan for Centrifuge Drainage Tests
of Tank .241-T-111 Sludge Samples," dated May 3, 1994,

(2) Internal Memo, G. S. Barney to D. W. Jeppson, "Results of
Centrifuge Drainage Tests for Simulated Infarm-2
e —-Ferrgcyanide Siudge," dated March 28, 1994.

INTRODUCTION AND SUMMARY QF RESULTS

[n Refarence 1, a laboratory test procedure was described to determine the
liquid retention capacity of sludge from tank 241-T-111 (111-T). Tne test
procedure was basec on a study, described in Reference 2, conducted to
measure sludge drainage rates. In the present studies, tests were designed
te simulate the drainage of interstitial liquid from the existing 14-foot
{4.3 meter) overburden of siucze in 111-T should salt well pumping at the
tank bottom take place.

Pressure-enhanced drainage was imposed in the laboratory by removing
interstitial solution from samples of genuine sludge by filtration through
coarse~-frit glass in a centrifugal field of 500 times gravity (500 G). This
fieid simulates the 4.3-meter sludge hydrostatic pressure at the tank
bottom. The weights of liquids extracted and sludge retained were measured
intermittently over a period of about five days. By knowing the water
concentration of the original sludge and the expressed liquid, the amount of
o 1iquid remaining in the sludge cake could be determined and compared with

Hantord Operations and Engineering Contractor for the US Department of Enargy
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water contents of the sludge cake measured directly at the end of
centrifugation.

Four sludge samples from 111-T were tested in duplicate by this procedure.
Results showed the water content of the initial sludges ranged from about 69
to 80 weight percent (wt%). Centrifugation filtering produced compressed,
but still damp, sludge materials and quantities of expressed liquid. The

rate of liquid removal from the sludge cake was rapid in the initial hours
of centrifugation and slowed considerably after two days' centrifugation.
The water content of the sludges after two days' centrifuging ranged from 58
to 66 wt%; after five days, the water content decreased a further 1.6 wt o
for each sludge on average. )

Thg e;perimgnt; and measurements performed to determine the solution
retention of tqe centrifuged sludge samples are described in this report.
Ancillary chemical and thermal analyses of the intact and separated sludge
-and_solution fractions also are reported.

EXPERIMENTAL MATERIALS AND METHODS

Archive sludge samples taken in 1991 were used in these tests. The sample
materials were derived from segments 3 and 7 of core 31 and from segments 1
and 7 from core 33. The segment numbering proceeds, in order, from top
(segment 1) to bottom (segment 9) in 19-inch (0.5-m) increments
corresponding to the length of the segments.

The experimental approach used in the centrifugation tests

! ' enerall
fo]1owed_the methods described in reference 1. The experimgnta] g
abservations were recorded in notebook WHC N AGA 1

Coarse-frit glas> 111ters (40 to 60 gm pore size) fused into 1-cm diameter
glass tubes (about 8 cm long) were used as the filtration medium. Samples
of well-mixed sludge were introduced to the top of frit filter surface by
plunger-type polyethylene thief samplers. Tare and gross weight
measurements {t 0.00005 grams using a five-place balance) of the tubes
nefore and after introduction of sampie were obtained. The glass tubes were
nlaced in screw-top polypropylene 50-mL capacity centrifuge tubes and
reweighed. Sampie weights ranged from about 1.8 to 3.4 grams. Most sample

weights were about 2.3 grams.

The tubes with samples were spun in a centrifuge located in an open-face
——hood-1n the_222-S Laboratory at a target velacity of 1680 revolutions per
minute (RPM). This velocity corresponded, at the 15.8 cm distance of the
sludge from the axis of rotation, to a field of 500 G at the filter frit
disc. Measurements of the rotational velocity of the centrifuge were
obtained during the course of the experimentation using an optical
tachometer. The nine velocity measurements ranged from 1617 to 1720 RPM
(i.e., 464 to 524 G) and averaged 1684 RPM (501 G). The temperature within
the centrifuge was about 1°C above ambient lab temperature. The 1ab
temperature ranged from about 19 to 24°C during the experiments.
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The centrifuge was stopped periodically, the glass tubes and centrifuge
cones were weighed and the weights of centrifuged liquid and sludge were
determined by difference. The 1iquid was sampled for analyses of water
content, density, thermal behavior and concentration of total organic carbon
(TOC). After 113 hours, the centrifugation was stopped and the sludge
analyzed for water content and thermal behavior. Samples of the original
sludge also were analyzed for water content and thermal behavior. Sludge

__water content-was determined by weight loss on oven heating to constant
-~ weight at 116°C. ” For the water content determinations, original sludge

material sample sizes were | to 2 g; about 0.2 to 0.5 g samples were used
for the centrifuged sludge materials.

Densities of the original and centrifuged sludge were determined. The
densities of original sludge were determined by weighing sludge samples into
volume-calibrated gr trifuge tubes and noting the total sludge
solution plus settile s volume after centrifugation.

The compressed centrifuged sludges from the solution retention tests were
not sufficiently plastic to slump in the volumetric centrifuge tubes used

for density measurement. Therefore, the densities of the compressed sludge

~ were determined via a displacement technique using an immiscible liquid of

known density (n-hexane). Samples of the compressed sludge were added to 3

" tare-weighed 5-mL volumetric flask, the flask reweighed, the flask filled to

the mark with n-hexane, and the flask again reweighed. The volume of added

_n-hexane could. he determined- by weight and density. The volume and weight
of compressed sludge then was calculated by difference and the sludge
density calculated.

A1l chemical, physical and thermal analyses (except the water concentratigns
of the centrifuged sludges and the densities of the original and centrifuged
sludges) were determined by 222-5 Anaiytical QOperations. The densities of
the expressed liguids were determined by weighing known volumes of solution
held in voTume-calibrated pipets. The TOC concentrations were found by
acidified sample pyrolysis followed by coulometric titration of the product
carbon dioxide coliected in a scrubber trap. Water content in the expressed

--solution was determined by weight loss of sample due to heating in an oven.

The thermal analyses included differential scanning calorimetry (DSC) and
thermogravimetric analyses (TGA). A1l sludge and expressed solutions were
analyzed by DSC/TGA. The 0SC determined if a heat-producing (exothermic)
event gccurred. An example of an exothermic reaction would be the oxidation

_of organic carbon by nitrate. The TGA showed frictional weight changes

(e.9., weight loss by water evaporation) as a function of increasing
temperature. Thus water concentration values were obtained via TGA for all
sampies.

RESULTS AND DISCUSSION

A1l the original sludge samples were dark brown in color with a pasty but
slightly gritty consistency. Sludge samples from the segment ] and 3
archives showed no natural segregation whereas the segment 7 samples had
about 10% supernatant solution. The entire contents of each archive sample
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were mixed prior to drawing subsamples for testing. Subsampiing from the
same archive vials two days later showed separation of supernatant solution
had recurred in the segment 7 samples but again no supernatant solution was
found for the segment 1 and 3 samples. Centrifugation resuited in the
drainage (through the glass frit filters) of yellow liquids from all sludge

T ____samples and the production of a sludge cake that was smaller both in height

and diameter than the original sludge (i.e., the sludge compressed as well
as shrunk away from the glass tube wall).

The water content of the centrifuged sludge was caiculated by weight loss of
the sludge as centrifugation proceeded, the water content of the original
studge, and the water content of the expressed liquid. The water content of
the centrifuged sludge, after 113 hours' centrifugation at 500 G, was also
determined directly via oven weight loss. The water content data, presented
in the Figure, show the original siudge was about 80 wt% water for the
"seégment 1 and 3 samples and about 74 wt% for the segment 7 samples taken
__near_the tank bottom. Though the archive-segment 7 samples had supernatant
liquid while the segment 1 and 3 samples did not, the segment 7 samples had
Tower water content than the segment 1 and 3 samples.

80
T |
i Cere 31 /Seg. 3
+
=& _ .
N Cere 31 /Se~ 7
A~ —: ’f
& w113 nours] Core 32 ,/Seg. 1
% Water in Sluoge =
O -~ .
2T P: 'vig oven) \ Core 33 ‘Seg -
,; i\-i- s - . - \‘
= L B - \ 3
5 9= \M\
: >
= A
- - \\\ — 3
I
T
) -7 s 40 800 8C 100 120

Centrifugation Time {hours)

Figure. Water Concentration in Centrifuged 111-T7 Sludge.
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The sludge samples lost solution {and water content) quickly in the_init?a]
three hours of centrifugation. The rate of weight loss decreased with time
of centrifugation. After 113 hours, the water contents of the segment 1 and
3 samples were about 63 wt%; the segment 7 samples were about 58 wt%. The
water contents of the centrifuged sludges determined by direct measurement
of oven weight loss were about 65 wt% and 6] wt%, respectively.

The water content data of the individual replicate sludge samples are given
in Table 1. The data show precision in the replicate measurements of about
0.5% reiative or 0.8% absolute in the oven measurements and about 1.3%
relative or 1.9% absolute for the calculated values based on the sludge
weight losses. The oven values are about 2.8 + 1.0% higher, on average,
than the calculated values. The bias probably is due to the cumulative
effects of water vapor loss from the centrifuged solution during each
weighing operation. For this reason, the oven wt% water values are judged
to be more reliable than the calculated values.

Table 1. Water Content of Sludge During Centrifugation.

Core/ Centrifugation Time (hours)
iiif ' ' ' ' ' ' ' ' 113
0 3 23 | 26.5 | 42.5 | 45 49 113 | (Oven)
N 31/341.1-79.54.1-68.6 | 65.8 | 65.4 | 64.7 | 64.5 | 64.6 | 63.0 | 65.14
31/3/2 67.7 1 64.4 | 63.9 | 63.6 | 63.5 | 63.4 | §1.5 | 64.78
31/7/1 | 74.52 | 63.1 ! 60.6 | 60.2 | 59.7 | 59.8 | 59.8 | 59.1 ! 62.28
31/7/2 62.0 | 59.2 | 58.7 | 58.3 | 58.2 | s8.2 | 57.1 | 61.83
33/171°1°79.71 | 68.7 | 67.1 | 66.8 | 66.4 | 66.5 | 66.3 | 64.4 | 65.74
33/1/2 ) 69.3 | 67.0 [ 5.7 | 66.3 | 656.4 | 66.2 | 63.8 | 65.23
33/7/1 | 73.87 | 61.8 | 59.9 | 59.4 | 59.1 | 59.2 | 59.3 | 57.3 | 59.66
L 33/7/2 1 61.3 | 58.8 | 58.2 1 57.7 | 57.8 | 57.8 | 56.5 | 60.23

.. .The chemical and thermal analyses of the criginal sludge materials are
-summarized in Table 2. Exotherms were found for all sludge samples. The
exotherms decreased as the sludge sampling depth increased {i.e., exotherms

were greatest at the taop). The wt% water values of the original sludge
- materials were determined both by weight Toss, using 1 to 2 g samples-heated
to dryness in an oven, and by TGA, using 30 to 50 mg samples.

As shown in Table 2, the oven values for wt% water were higher than the TGA
values. The values derived by oven weight joss are judged to be more
“reliable than the TGA values because they showed higher precision (better
reproducibility in their duplicates), were obtained from larger, more
representative samples, and thus were less subject to evaporative weight
losses prior to initial weighing. The smalier TGA samples would be apt to
_lose more weight, on a relative basis, than the larger aven samples because
they have a higher surface area to volume ratio. The oven-determined wt%
water duplicate values for particular core/segment samples were averaged for
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use in calculation of the water content of the corresponding centrifuged
sludge.

Table 2. Analyses of the Original Sludge.

b Wt% Water -
Core/Seg/Dup Oven TGA Density (g/mL) | Exotherm (J/g)

31/3/1 79.47 76.33 151
31/3/2 79.60 77.10 1.24 112
31/7/1 74.28 72.99 33.1
31/7/2 75.16 75.12 1.18 10.?
/171 | 79.84 77.12 249
33/1/2 79.48 79.04 1.16 254
33/7/1 73.93 81.95 41.4
33/7/2 74.20 74.24 1.20 37.5

The chemical, physical and thermal analyses of the solution samples are
summarized in Table 3. Though the samples (especially the segment 1 and 3
materials) contained organic carbon, no exotherm was noted in the DSC of any
of the solutions. Again, both oven and-TGA values of wt% water were

‘determined and, for the same reasons, the oven values judged to be more

reliable. The average value of the oven-determined wt% water duplicate
analyses for particular core/segment samples was used to calculate the water
content of the corresponding centrifuged sludge.

Table 2. Analyses of Expressed Sclution.

Wt% Water i
Core/Seq/Dup Oven 1_ TGA Density (g/mL) | [TOC] (mg/L)
31/3/1 92.27 | 86.80 Insuff. sample 1520
11/3/2 91.65 85.13 1.040 979
31/7/1 88.87 80.80 | 1.065 | 210
31/7/2 88.52 85.40 | ] 087 140
33/1/1 95.41 87.02 0.990 1010
33/1/2 94.65 | 92.06 1.028 1000
33/7/1 90.02 85.50 1.089 180
33/7/2 ._. | 89.44- | 86.66 - 1.101 | 200

--The chemical-and physical analyses of the centrifuged sludge samples are

given in Table 4. The wik%s water derived from-the TGA are significantly

lower than those found by oven drying...Substantial air-drying of the

centrifuged sludge apparently occurred prior to the TGA determinations. The

DSC _analyses showed that-en a-dry basis, centrifiged sludges had exotherms

somewhat larger than the original sludges. For example, for sludge from
£-23
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- segment 1 of core 33 (which exhibited the highest exotherm of the four
samples studied), the centrifuged material had an exotherm of about 1700 J/g
dry sludge as compared to 1140 J/g dry sludge for the original material.

For segment 3 of core 31, the centrifuged sludge gave about 1150 J/g dry
sludge (the 1525 J/g value was not inciuded in the calculation) while the
original sludge gave about 640 J/g dry siudge. The centrifuged segment 7
samples showed no measurable exotherms; exotherms for the original segment 7
sludges were about 100 to 200 J/g dry studge.

Table 4. Analyses of Centrifuged Sludge.

Wt% Water
P T S Qvan TEA - .

—Core/Seg/0up Ve e Density (g/mlL) Exotherm (J/9)
31/3/1 ) 65.14 i .53.80 4§ .- .. 1,05 - - 546.9, 465.3
31/3/2 64.78 56.92 1.12 1525.3, 544.9
31/7/1 62.28 58.94 1.16 0, 0
31/7/2 61.83 52.71 1.24 0
33/1/1 65.74 51.11 1.21 838.1
33/1/2 65.23 51.62 1.16 822.4
33/7/1 | 59.66 44,82 1.24 0

. 33/7/2 L6023 1 45 .48 1.33 0

Please call should you have questions or comments on this work.

o~

any

A

. H. Delegard, Principle Senior Scientist
Process Chemistry Laboratories

am
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SAMPLE STATUS REPORT FOR T 546. T-111
DISPATCHED: 3/ 5/94 10:31 SAMPLE HAS NOT BEEN SLURPED
RECEIVED: 3/ 5/94 13:15
- EXT.- - DETER: RESULTS OR STATUS
* %k kk xknwkhkkkk [T 22222322333 3X33Fk33 3232322122122 3
1001 APPR/OTR YELLOW CLEAR < 1% SOLIDS
5706 SPG 1.035810F 00 NONE T
5711 DSC OUT FOR RERUN
5711 DSC INCOMPLETE
5712 TGA INCOMPLETE
5713 pH 1.15700E 01 NONE
5714 % H20 OUT FOR RERUN
5714 % H20 INCOMPLETE
5720 TB 2.21000E-01 uCi/ML
5725 AT 2.31000E~03 uCi/ML
5726 TOC 4.73000E 02 uG C/ML
5727 TIC 8.00000E 02 uG C/ML
5728 NH4 3.61000E 02 uG/ML =~
5729 OH LIQ 3.54000E 03 uG/ML
5730 GEA 8.96000E-02 uCi/ML Cs-137
5750 ICP-LIQ 2.04000E 04 uG/ML Na
5750 ICP-LIQ < 5.05000E 00 uG/ML Al
5771 - IC 1.95997E 03 uG/ML F-
5771 IC 4.77260E 02 uG/ML CL-
5771 IC 1.33501E 03 uG/ML NO2-
5771 1IC 2.91022E 04 uG/MIL NO3-
5771 IC 8.06644E 03 uG/ML PO4-
5771 IC o 2.78205E 03 uG/ML - - -—804~
5778 CN LIQ 2.71000E 00 uG/ML
§781 Pu239/40 OUT FOR RERUN
5781 Pu239/40 INCOMPLETE -
5782 Am241 < 3.97000E=05 ucCi/ML
5783 Np237 '~~~ < 1.38000E-05 uCi/ML
_5786 Sr9gn - ©UT -FOR RERUN
5786 Sr9o 7.09000E-04 uCi/ML
9114 ARCHIVE INCOMPLETE
END OF REPORT
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DISPATCHED: 3/ 5/94 10:48
RECEIVED: 3/ 5/94 13:16

EXT. DETER. RESULTS OR STATUS

ARAR KxKRR IR % Y T T I 232222822323 222222 2 2 2 2 X 2]
1001 APPR/OTR CLEAR YELLOW < 1% SOLIDS

5706 SPG 1.03760E 00 NONE

5711 DSC OUT FOR RERUN

5711 DSC INCOMPLETE

5712 TGA INCOMPLETE

5713 pH’ 1.15900E 01 NONE

5714 % H20 9.29000E 01 % H20

5720 _TB 2.31000E=-01 uCi/ML

5725 AT 2.32000E-03—uCi/ML

5726 TOC 4.18000E 02 uG C/ML

5727 TIC 7.90000E 02 uG C/ML

5728 NH4 3.70000E 02 uG/ML

5729 OH LIQ 2.70000E 03 uG/ML

5730 GEA 9.21999E-02 uCi/ML Cs=-137
5750 ICP-LIQ 2.43000E 04 uG/ML Na

§750 ICP-LIQ < 5.05000E 00 uG/ML Al

5771 IC - 2.15977E 03 uG/ML F-
5771 IC 4.97640E 02 uG/ML CL-
5771 IC 1.37823E 03 uG/ML No2-
5771 IC 3 3.00138E 04 uG/ML NG3-
5771 IC 8.24791E 03 uG/ML PO4~
5771 1IcC 2.85180E 03 uG/ML S04~
5778 CN LIQ 1.84000E 00 uG/ML

5781 Pu235%/40 OUT FOR RERUN

5781 Pu239/40 INCOMPLETE

5782 Am241 < 2.76000E-05 uCi/ML

5783 Np237 < 2.89000E-05 uci/ML

5786 Sr9o0 OUT FOR RERUN

5786 Sr90 3.03000E~04 uCi/ML

5114. ARCHIVE .. . .INCOMPLETE

END OF REPORT

C-26

T-111 #2 TIME:

SAMPLE HAS NOT BEEN SLURPED

3/ 9/94

9:32

OUT OF GOOD CHARGE

RANGE? ANS?
* %k k%
N Y
N Y
N Y
N Y
N Y
N Y
N Y
N Y
N Y
N Y
N Y
R
N Y
N Y
N Y
N Y
N Y
N Y
N Y
N Y
N Y
N Y

CODE
khkkkxk
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2

- N§4AD2

-

N&4D2



WHC-EP-0806

SAMPLE STATUS REPORT FOR T 550. T-111

- ----5706

END OF REPORT

c-27

T-111 #3
SAMPLE HAS NOT BEEN SLURPED

DISPATCHED: 3/ 5/94 10:49
RECEIVED: 3/ 5/94 13:16
‘EXT. DETER. "RESULTS OR STATUS
o o ke ke kb bk kdd T2 T2 XX 32222223223 222 2 22 3 5 3 34
1001 APPR/OTR CLEAR YELLOW < 1% SOLIDS
SPG : 1.03310E 00 NOKNE
5711 DSC QUT FOR RERUN
5711 DSC _INCOMPLETE
5712 TGA INCOMPLETE
5713 pH 1.17800E 01 NONE
5714 % H20 9.29000E 01 % H20
5720 TB 2.48000E-01 uCi/ML
5725 AT 2.4%000E-03 uCi/ML
5726 TOC 3.80000E 02 uG C/ML
§727 TIC OUT FOR RERUN
5727 TIC 4.07000E 02 uG C/ML
5728 NH4 5.22000E 02 uG/ML
5729 OH LIQ.  ...2.89000E 22 uG/ML
5730 GEA .- 8.78000E=02 ucCi/ML Cs-137
5750 ICP-LIQ 2.60000E 04 uG/ML Na
5750 ICP-LIQ < 5.05000E 00 uG/ML Al
5771 IC B 2.18774E 03 uG/ML F~-
5771 IC 5.11930E 02 uG/ML CL-
_.5771 1IcC - -1.40658E 03 UG/ML - NO2-
5771 IC 3.16720E 04 uG/ML NO3-
5771 IC 8.83930E 03 uG/ML PO4 -
5771 IC - 3.14581E 03 uG/ML S04~
5778 CN LIQ 2.39000E 00 uG/ML
5781 Pu239/40 OUT FOR RERUN
5781 Pu239/40 INCOMPLETE
5782 Am241 < 2.81000E-05 uCi/ML
5783 Np237 < 2.68000E-05 uCi/ML
5786 Sr9o OUT FOR RERUN
5786 Sr9o 1.21000E=03 uCi/ML
9114 ARCHIVE INCOMPLETE

* %%

N

-

ZZZzzzz=ZZZ2E 222

T o L L L

3/ 9/94

QUT OF GOOD
RANGE? ANS?
hkk

Y

"

9:32

CHARGE
CODE
T Y
N54D2
N54D2
N54D2
N54D2
NS4D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
NS54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
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Estimate of plutonium concentration that would place éﬁl-T-lll out of
 specification with regard to established inventory 1imits.

50 kg 2*%%py is the standard inventory Timit for single-shell tanks'.

Therefore, 50,000 g 2%2%%py = 2.303F-05 g Z%/%%,
2.171E+09 g waste g waste

Approximate proportion of Pu-239 = 96%
Approximate proportion of Pu-240 = 4%

6.2E-02 Ci/q °

Specific activity of Pu-239
2.27E-01 Ci/g

Specific activity of Pu-240

o
L=

Specific activity for the plutonium in the waste:
.0686 Ci/g 39%%y

0.96%(6.2E-02 Ci/g) + .04%(2.27E~01 Ci/g) = 0

2.303E-05 q 29/%0py * 0.0686 Ci_ * 1E+06 uCi_ = 1.58 4Ci
g waste g ST, Ci g waste

. The estimates of historical inventory values for selected analytes were
derived from Agnew’. The estimates for 2C concentrations were done by taking
the average concentrations of the two flowsheet formulations, 2C 44-51 and 2C
52-56. The 224 waste concentrations were used as presented. These values

~ were multiplied by their respective volumes to develop the bulk inventory
estimates. The buld concentrations presented for ne tank were derivea by
muitipiying each analyte's concentration by the fr.-tion its waste contributes
~-to the total inventory and adding them together, i.e. 0.526%(2C,

-concentration) + 0.474*(224 concentrations) = Bulk analyte concentrat-in

'Boyles, V. C. 1992, Operating Specifications for Single-
Shell Waste Storage Tanks, 0OSD-T-151-00013, Rev. D-1,
Westinghouse Hanford Company, Richland, Washington.

*van Tuyl, H. H., 1962, Fission Product Generation and Decay
Calculations, HW-75978, General Electric Company, Richland,
Washington.

Agn=:, S. F. 1994, Hanford Defined Wastes: Chemical and

Radionuc_ ie Compositions, LA-UR-2657, Los Alamos National
Laborator . Los Alamos, Mew Mexico.

C-28



WHC-EP-0805
LAUR-94-2657
. ] | .
MW 44 MW 52- |1C44- (1CS2. | ; i J 1 i I l R, $2- IR', 59- !CWR/Al
151 158 IS1/EW 1S8/CW '2C44-5112052-588224 |UR/TEP IPReCNY  |PRaCN2 ITFeCN '1CFeCN !5 8 87 152480
N . t
. - .
i’ | 1C44- [1082- ’ ! ! ! f ! A, 52- 1R, S§- |CWR,
frac. prec. soQMAW IS1/CW |SB/CW [2C44.-5112C852-564224  IURTBP 'PFeCNY  (PROCNZ  TFeCN | 1CFeCN 58 87 15081
NaNCE ‘ 0 o 0 0/ [T 0 0 0.126' 0.13546 0.13547 ol 0 ¢_ 0.2805 g
[NaNO2 0: 0 0 0] a o al 0: 0 9! 0] 9 0 g 0
[ N ; CRE TR "
B TY T - - {H-- 0 0.1708; 5.1783] 0.1G881 0T 0.3546 0.08341 G.06342! i 0.1639
: i . i 1 | :
NazCoa a1 0.1 o 0 0 0! [ of 0: 0! i 9 0. [*]] 0
] j ! : ; |
‘ ‘ i ‘ —
Na3PO | 0.26873i 0.2842' 0.5587| 0.5891] 0.3119: 0.0047 1] L] 0] [} ol 0.583 ] 0 0
= - . b
Na2504 0. 48274 0.474T: 0 [ 1 0! 0! 0.1475; 0.355131 0.35514; o] Q! 0 0. o}
Na2SK3 0 0! 0.5024| 0.5058] 0.46831 0.231. 1i 1- 0.43804] 0.43805: 1/ 0.4983: 1 1 0.3509
ALZ03.3H20 0.6 0.6! 0.8 0.9 8.3! 0.6 0.8 007 0.07 0.07 007  o0.07 0.6 007 0.2
NaAIDZ 0 0! 0 o [ ] Q! 0! 0 Qi 0 0l 0 1] Q! Q
FoQ{OH) 1 1. 0.9371 0.9374]  0.918) 0.8814i 1. 0.9337: 0.859511 0.85951 1] 0.9365: 0.7404 0.8474; 1
CrOM3 1. 1: ] 0! ol 0! 0! 1: 1 1 1! 0. 0.5132. 0.7165 1
[ r=r] (R 1! 1 1i 1 1 0! 1! 1 1 1l 1, 1 1 1
BPO4 1 11 _0.8987| 0.8994] 0.8525. 0.7866' 0.7587! 1. 0.38653! 0.88653! 1| _0.8979, 1 1 1
PBOH)2 1 Al 1] 1 1 1 1l 1 1 11 1] 1 ] ] ;
La203 : w 0.6012! ;
Ca203 ' ! ' 0.7' . : : .
Naidcit.5H20 01 0l 0 0l 0t 0l ]| 9! oi 2] o) Q0 0: Qi Q
Na Acetats 01 al . 0 a1 Q! 0! 0i 0: 'H 0: 0 0 0. 0. 0
Na 2 Oxalate 0 oi 0 1] 0! 0 0.25. Qi 0/ 0: gl 1) Q 1] Q
NadHENTA _ g i 0 —p————pi ] Qi [ Q 0l g 0 01 [
[Na4EDTA 0 ol [ o Y 0 0 0 0 0 0L 0 0 9] 0
CaC03.6H20 1 1 1 1 1 7. 1 1 1 11 1] 1. 1 1 1
Ni(OH)2 1 11 1 1 y: 1 1! 1 1, 0.29194'  (.84] 0.6569 1 1 1
ZrO(0H)2 -yt .250§] 0.2957 Ty 1 t 1: 1! 1 1] 0.285% 1 [ 1
INA2NiFe{CN)6.6H20 1 1 1 1 1. 1 1 1 1! 1 1. 1 1
Ay 1] 0.5 gl 0.536! Q: 9 Qi gi - 9 - -G -—8:5 0.529i 0. 0.282) 0.8964
UQ(OH)2°6H20_._-0.75.  0.75i 0.8413] 0.9811. 0.9508 0.9283 9! _0.49 0.49568] 0.49559 0.4872) 0.9808 01473 0.5599: 0.7899
oy [ — i - @ g @ a 0 0.126: 1 1 1! 1 g0 2805, 0
S — 05068 8.5 85 ——0.5 0.5 0.5 0.5 0.5 0.5 0.5: 0.5 0.1 0.6i 0.6
i | : ;
pred. siudge '1C4s. ITC52- ‘ ‘ i ‘ i iR*, 52- 'R, 58 (CWR,
ppm MW IST/CW_IS6/CW '2C44-5112C52-560224 URTBP PFReCN1 PFelNZ 'TReCN 1CFeCN 58 87 15081
Na 7T4421.3 84906 87763 91756 7520 A85054; B4503 108828 112478, 59935. 149106 27267 10241, 39088
Al [ 26886: 18384 0 0 ai 0 0 0 0 0. B0416 55395, 95185
Fa i 8281.2 5053.3 143456 21538. 01_BS341 17206.4. 16707.7° 14386 17854 23238 13519 0
er [ 47.505: 66.147  31.335 231.029: 35.236 0 0 [ 0! 19.034° 12451 86255 0
8l 0 13892 8542.2° 20861 130102 20690 0 435764 49573t 0 25403 0. 0. 0
[ 9 [ 0 0. 0 26692 0 _ 0 Q 0. o 0 0 [}
Cs -— 0 ¢ "0 0 0 0 0 0 ] 0 0: 0 0: Q
Zro{OH)2 a 673.46' 506.03 ] o 0: 0 0 [ 0 1051.7 0 0 0
Pb p] 0. 0 0 [ o 0 0 0 0 0. [ Q 0
Nl 0 0 Q! i} 9 0 0 5296.88: 3929.25 24844 47117 0 o 0
Sr ] 0 ] 0 0 0 0 0. 0 0. 0 0 0 [
Mt ) [ 0 0 0 190.28 0 0 0 0 0 0 Q. 0
[ 0 0- g 0 0 o 0 0 0 Q 0 0 0 a
X ) X 0 [ 0__7789.5 0 [ [ 0. 0 0. 0 [
balance :
denaity 1.48011 1.3952) 1.2648  1.2B72° 1.1383 1.2323 1.5282 1 49782 1.52137 1.3884, 1.5943: 1.5334' 10841, 1.7142
vol%sollds 12 13.7: 249 6.8 3.4 3.9 1.2 3.7 3.2 1.4 6.5/ 8.9 2.3 8.1
void frae. __0.5032 0.602§ 0.7555. 0.7506; 09658 0.9251' 0.5526 0.56193: 0.49288 0.9942 0.2781, 0.7056, 0.6688/ O.67%
lel.% H20 38,0486 88.494' 73.81! 70904° §1.07) 6A.962 30449 1284931 285.0527  51.588' 57.7BE’ 56.029 38.078 51.253
TOC wt.%C 0 [ 0 0 004152 0__0.64959 0.36973 1 8521 0.3474. 0 g 0
ifres OM- o 1413.58 28.312' 73:834 19387 213.81 46548 $3.802 152.367° 67.4196 701.21 33.653 29587 64 443 91074
“lone 70427.2 594491 40478 13325' 19938 468.46 39214 18341.81 21283 4 26242 17599 168648 220413 201774
NO3- 2241.47 14160, 19717 42965 42545 £1618° 65015 67454.7° 58250.4. 102120' 5873.5 67381 60603, 20060
NO2- [ 3656.1_5050.7 [ 0 0 [ 0 O_5800.t 1431.2 0 0 26046
co3- 31987.6 0 0 0. o 0 4363.5 0 a [ 0 0 o 0
PO4— 30383.9 95307' 68622 66078 26565 12477 4488.6 24511.2' 265941 RB41 4 1R4824 i} o 0
S04 -—SE4T4 6 - 2632.7 3665.8 27785 2751.1 0112329 116969 131368 1100.7° 1336.1 680086 848.28 0
§103— 40,6213 3048.1 2049.7 5881.9 4834.6 0 & _7981.57 902817 ¢ 5201 g 0. 2350.8
F- 0 5507.9! 4694 7IH6.1 2494.2 46554 0 _5989.52 £428.09' 0. 7514.8 a [ 0
ci- [ 0! 0 g 0 O 296.26 0. Q [ 0 0 [ 0
CEH507— [1] 0! 1] Q- 0 ] ] [+ 0 0. 1] 0 1] s}
EDTA— 0 0 0 g 0 9 [ 0 i o a 0 0 9
g5
r-29
L=gH
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C-30

LAUR-94-2657
T ] I W
| | - it .
MW 44- (MW S2- [1C44- 11C82- ’ I F i : ! f f IR, §2- IR, 58~ 'CWRUAL
159 i58 IS1/CW [S58/CW (2C44-5112C52-58#224 (URTBP 'PFeCN1  IPReCND [TFeCN 1CKeCN !5 8 187 152-860
HEDT A 0. 0 0 Q' 9: 0 g g g ] Q. 0 9 2
ANTA— 0 0 0. 0 01 ai 0 0! Q. 0} 0 0 0 0
tycoiste- K 0 0 "M o 90 o 01 0! ol 0 0 o 0
acotate- o ¢ 9! !l 0, g! '] gl [T i 0 0 [ 0
oxainte— Y -0 g B0 15227 <, _u 0: LR Qi 9. 9. )
™ o X 0 0 Q! 0! 0! 0! o 0. ol 0 0: (2 [}
== o " 0 0l 0 o1 []] 0 [} 0! 1] 'R 0- 0 0
prr A TR 6, - 0! G [ [+]] 0! 0l 0! 0 9. 0. [} ]
nexone ‘ 0. o 0i of 0] o 0] 0l o] 0 0. 0. o 0
[NIFe(CN}E— o i o 0! 0! 0! 0l 0! 24415.8: 138668.8/ #9813 130857 6 0 o
[Pu_uClg) ' 0.00478! 0] 0.0045! 0.1247] 0.0092! 0.0112' 0.0081 0.0018 0.000868! 0.00076/ 01 0.3179t 0.0102°  0.273.  1.837
U {upig) 164261 758.9) 1475.8: 210.68% 321.82 O 49947 169631 19212.11 47220! 4468.2' 20037 286801 25473
Cs (uClg) 0.62888! 0! 5.8994] 51.679] 0.1038 0.2258| 0! 6.1105' 7.1336/ 8.120841 1288.21 B14.4] 41.255 176191 1.3973
- - iSricUgy " B2861 0l 0.383sl =02 8| 758.65 20 ATIEI 32.34871 D] 4.2975, 94.408) 456.5' 14.487
1
. ; 1 ! i ' :
; licas. |1csa. E ! [ | IR, 82- IR, 55 ICWR,
pred. su, ppm | MW IS1/CW_|S8/CW 12C44-5112C52-566224 |URTEP ‘PEeCNT  |PReCN2  |TFeON |1CEeCN 'S8 67 15081
Na (41131.4: 330491 327861 41478 J2592! 31582/ 78745 75838 75558.) 60515 32694 13095 73406 71510
- - o -~ 1282.4] §32.08: 0! ol 0l 0 01 0r 0 0 B454.4 23376/ 35088
Fe 0 105.231 105.461 104.12 105.75 0l 87.185 97.69231 97.7288| 0] 105.88.  100.05 91.354. 0
or 0l 103.830 104.57' 45285 34.808! 44.511 0 0 0: 0] 103.24. 13974 1278 )
_ s _ Q. 295.33] 295.99! 29223  298.81 297.34 0 274,174 274,271 0] 29685 0: 0 g
La 0! 0 0 0! 01_790.291 al oI 0l 0 o) 0 0i [
[ 0 ' 0l 0j o 0] o 0l 0! gl [ 0 0 0 )
Ir 0! ' 257.820 258.4| 0. [ [T of a) 01 0] 258.93| 01 0 a
Po 0 TN TR -0 ot - & g. g1 1] 0 0, ol 1]
Ni 0! ] 0. 9 0: 0l 0: 01 _92.4631  95.1881 99.991 0! 0 ]
Sr 0 0 0l Qi 4] 0} 0l [ 0r 0] 0! [ 0! 0
o ¢ 0 [ 0 0 240.37 01 ol al 0| a a 0i 0
N I E—— G- - .8 Y _0: 0 gl 0! Y 0l 0 [ 0i g )
K 0 0 0! o 0 9839.91 0 or 0! 0 [ 0. g! 0
density 1.08901. 1.0814f 1.059! 1.0733 1.0567' 1.0545_1.1495. 114291, 11425 1.1102] 1.0889: 1.1181. 1.2223/ 1.2843
vol%solid 12 13.7] 249 6.8 3.4 3.9 1.2 3.7 a2 14 _-BE - 89 2.3 8.1
e ee_lvoid trag, .. 05032 .- - 58028 0.7853  0.7506; 0.9658 0.9251 0.5526 0.56193) 0.40288) 0.9942/ 02781 0.7056' 0.86881 0.875
s W% 2O - - - 35,3248 — 90.06] 90.246i 86,928 90.017' 87.118 73.25 T4.1115 74141 98.76] 99.415 79.053 69.708! 1.7
TOC wt.%C 0 2 0 0. 0- 0.0514; ¢ Q. 0! 0| g ~ Q! 0
species : | .
OH 3889 47 B1.761] 11672 304.93 244,05 591.77 146.28 355.151 182.146: 882.05] 182.54' 576.13 15643 184.862
NO3 6167.45 308891 31170' €7577 47453] 77838 156414 1573181 157374 128458). 30774! 131208 147105 403263
NO2 .0 - 7975.41 8G47.9: G 9 g 0 ar 0! _7044.5] 77629 0: 0. 52316
co3 32235.2 [ 0! 0 0! Gi 10498 0! o a Qi 0 0l )
PO4 12435 1 12586! 12610 12479 12717 4019.11_ 10799 11104.9' 11109.11 111221 12636 0! 01 0
S04 10781 5743° 57952 4370.1 3088.7 0_ 10028 100822 10085.7! 1384.5i 7247.3' 13253 2059.1! [
i 111.77 ____.529.29' 53046 52373 SM.92 o 0 491,374 491.548 0' 531.56 0 0 444.37
i T i O _.._ 3%580.% - 3588 35425 - 27827 36045 0. 332364 332481 0_ 35855 0- al 0
=] [ 0 0 0 0 9. 712.78 g 0. 0 o 0: 0 [/
CEHSO7 0 0 [} 0 0 ) 0 0 0 0- 0: 0 [Y 0
EDTA 0 0 a Q.. 9 [ i i} 0 [) 0! ] 0 a
T |HEDTA 0 0 0. LR 0 Q ] LY g 0: 0 0 0! 0
NTA 0 0. 0 [ 0 0 ) 0 0. 0: 0 0: 0. [
[giycolate 0 gl 0 0 0 0 0 0 91 a o Q- 0! ]
acelate 0 Q. Q. 0 Q 0 0 Q! 0 0 "] Q- <] 0
oxzalsle o] ]} Q "] 0_188a3.8 0 0 0 o Q Q: o 0
P ] 0! 0 ¢ o ) 0 0! 0 0 0 0 01 0
NPH 0 0 0 0 Qr 0 ] 0 0 TR 0. 0 - 8 5
=0 0. 0. & - ¢ g+ 8 T 8w 0 0: 0 0 0 a
" |hextne 0 9 -G g: g Q 0 a 0, 0! 0. 9 g. 0
N O 0: o 0! g 0! 0 g g ai o 0! g 0 o
o Pu (uCly ~
U ) :
Cs_{CUL)
Sr (CUL}
B 10303 5605.5
s
ay
BY'
A1
AT IR
Tt 10303 5605.5
]
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). TANK 111-T STATUS
Iiguid, Gal. Sludge, Gal. So. Gr. {g/cec)
82 x 103 430 x 103 1.032
‘Chemical Anslyses
Free NaOH 0.701N
cos (g/1)
Al0; (g/1) 0.022
F (8/1)
c1” (g/1) - 15.8
Ne  (g/1) 21.0
No3~ (g/1) 2.47
- - i T 9.5
J cN N.D.
Garmma Scan
zr-%3? (uc/1) 3.48 x 10°
] Ru-Rh1% (uc/1) 1.21 x 103
Sb-125 (uc/1) N.D.
Cs-134 (uc/1) N.D.
Cs-137 (ue/1) 1.15 x 103

o ... Percent Boil-Down e 12 50 80 %
Boiling Point (°C) 105 105 106 107
Percent Solids -
at boiling point clr ¢lr 5 7
at room tecperature 2lr  cix 28 70

c-31
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Date:
To:

From:

] Subject:

Vis-0TR:

pH:
SpG:
OH:
Al:
Ma:
NO,:
NO5:

GEA:

Water:

Atlantic Richfield Hanford Company ' '

WHC-EP-0806

June 7, 1_974 ‘

R. L. Walser

R. E. Wheeler ,fgzézile

ANALYSIS OF TANK FARM SAMPLES
SAMPLE: T-3304 11-T

Clear, Yellow, 30% solids like rust. Filtrate <10 mrad/hr.
13.25

1.018

0.254 M .

<6.48 x 100 M

0.446

£.39 x 107 M

0.083M

1.17 x 10°° g/1

o Exotheng
3.79 x 107
2.16 x 107
3.56 x 107

0.024 M
134

X IZ IX

1.13 wuCi/gal
3.69 x 10° uCi/gal
4.66 uCi/gal

')
[ 7]
o

-
~
r
(¥
o
[}

98.24%

Cooling Curve: 10°C for 45 min. No solids.

°C for 45 min. No solids.

0

5
27.5 Solids - O

0 Solids - 0.5%

€-32



From:

Subject:

! Vis-0TR:

Soh:

QH:

—A,
C‘IH-
50..:
£9.
£
£l
| -
! - 3L
<
1 =
f - e
1
1
1]
\
S i
- -
- =Rt

o eme s s e A e na s

AT 8L 8 TwLame maya

WHC-EP-0806

Afizld Hantfora Cempzany

September 24, 1974

R. L. Walser
R. E. Wheeler A 104leq

AUALYSIS OF TANK FARM SAMPLES
SAMPLE: T-4893 M-T <

Black. 90% soiids. 10 mrad/hr, filtrate
12.9

1.0202

0.206 M

7.75x 1070 M

0.188 pp A¢™

5.17 x 107> M.

n.100 1

<1.41 x 107 g/1

ho exotherm below 200°C

-3
2,83 x 10 M
-2
2.23x 107 M
-2
£.22 x 10" M
_ -3
£.58 x 10 " M
117 2 .
205 - 5.72 x 10° (i/gal
rT.az%
cear &73C fer &5 min. ON% Solids.
250 for 45 min. 920% solids.
20 for &3 min.  90% solids.
25*C for 55 min. oN% soligs.
z5°C for 245 rin. 90% solids.
75°C fer 43 min. 90% solids.
ITC Tor L3 min. @0% splids.
S*C Tor 25 min. G02% solios.

ristensen
ZEinghar

f4-hl37=02% (1C=e8l 5_33
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